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Introduction 
 
The choice of this dissertation theme is made out of an intrinsic desire fortified by my geographical 
and cultural background; coming from a region of the world (Africa), where, situated at the tropics, 
abundance of sunlight is received. Thanks to technological advancements, it is possible to harness 
energy and heat from the suns rays to provide much needed energy for mans use. Solar energy is 
therefore an indisputable renewable energy source whose exploitation technological wise, has come 
to compliment the other renewable energy sources specifically for electricity. Not only is It’s 
harnessing pollution-free; it is equally risk-free. We only need to look at lives lost in mining and dam 
building to be able to appreciate the advantages inherent in reverting to solar energy, whose source 
–the sun-, is the most abundant, most available and the most infinite of all natural resources 
available.  It will therefore be logical that man would opt for such environmentally friendly and 
renewable electricity sources, to meet his electricity needs. 
However, world electricity consumption statistics show that renewable (solar) electricity constitutes 
an insignificant fraction of the total electricity-source type production and consumption as compared 
to other renewable sources of electricity; not to mention the non-renewable sources.  
 According to an  (EIA) Environmental Impact Assessment report published in 2000 by the World 
Resource Institute, renewable energy sources (wind and solar) made up only 0,5 percent of the 
source-type of electricity produced in the world in 1998. By the same source, only 5.6% of energy 
consumed in the European Union (EU), comes from renewable energy. The reasons for this 
disparity are multifarious ranging from high comparative production cost, to inherent behavioural 
patterns and perceptions to institutional dictates.    
Weighting the above presuppositions against existing realities and investigations into the reasons 
for the abnormally, so as to better the prospects of increase in solar electricity production, is what 
this project is all about. 
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There will be an investigation into those factors, and forces that can influence an increased 
production in solar-based electricity, departing from the reasons given earlier, so as to alter the 
position of solar-based electricity production on the total electricity-source-type production 
classification table. 
 In the pages that follow, this research will seek to understand what the technology of transforming 
the solar rays into useable electricity involves, in terms of cost. How cost effective is the production 
technology. The evolutions made over the years to make the technology more adaptable, more 
accessible and more available through research and development geared towards cost reduction. 
To come out with a comprehensive answer in the end, that will address the above questions, the 
following will be undertaken 
There will be a follow-up of the Evolution of Research Into Photovoltaics to date. It is common 
knowledge that the technology of solar-based electricity is very expensive relative to alternative non-
renewable sources of electricity like coal and gas. It is in this wise that efforts that have been made 
over the years and are continuously being made through research and development to make the 
technology competitive, relative to other sources of electricity provision will be investigated upon. 
 In as much as this is necessary for increased demand of solar-based electricity, it is the conviction 
of this researcher that these alternative electricity sources are considered to be supposedly 
relatively cheaper, simply because of inappropriate valuing systems. The role played by those who 
have a stake in the electricity business will be examined  within the context of promoting or killing 
the progress of photovoltaics.  On this note therefore, this research hopes to open eyebrows and 
serve as a lever for further research in the ever continuous struggle to make our environment 
cleaner and safer.  
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Chapter 1 
 
Problem Formulation: 
1.1) Problem field: 
Environmental protection is an issue which is of utmost concern today, not only to 
environmentalist but to physical scientist, investors and policy makers. Each of this class 
of people take stands on the way the natural resources of the earth should be exploited. It 
is understandable that man definitely has to depend on the resources of the earth to meet 
His needs. The choice of resource and the manner of exploitation is what has often 
constituted a basis for confrontation between the stakeholders identified above to which is 
added, the consumer. 
One of those most important needs of man mentioned above is electricity. Without 
electricity, life will be unbearable in these contemporary times of ours. For example, 
computers, the brain of all systems that manage our lives today is entirely reliable on 
electricity; electrically powered robots produce the cars that move us around, life in the 
comfort of our homes all depends on electricity. It is therefore simply an indispensable 
need. This need is dependent as mentioned above, on the natural resources of the earth. 
However environmentalist has classified resources of the earth into the ‘Renewable’ and 
‘non-renewable’ category. We can by extension, talk of ‘sustainability’ and ‘un-
sustainability’ when looking at the manner of exploitation of either the renewable or non-
renewable resources. The concept of sustainability addresses the issue of the rational/un-
rational manner with which Man exploits the resources of the earth. This concept is 
important because if we exploit our resources irrationally, the ripple effect caused by an 
upset thus in the ecosystem which is globally connected can ultimately lead to what 
environmentalist call ‘Planetary annihilation’. Electricity happens to be one of those needs 
that can be met by either renewable or non-renewable resources. Depending therefore on 
what ever option we chose, to meet our electricity needs, we are either heading for 
planetary annihilation or preservation of the life-support system of our planet. If the 
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choice is Fossil-fuelled electricity, then we are heading for the former, whereas opting for 
the renewable sources like hydro, bio-gas, wind and solar leads us to the path of 
sustainability as we preserve the life support system of our planet by so doing.    
However, given that there are always other considerations that are accorded precedence in 
the choices we make, there is the tendency to pursue a policy of meeting electricity needs 
that completely disregards impact on environment. Placing always as prime consideration, 
(and justifiably so too, according to critiques), it’s reliability and affordability. According 
to an  (EIA) Environmental Impact Assessment report published in 2000 by the World 
Resource Institute, renewable energy sources (wind and solar) made up only 0,5 percent of 
the source-type of electricity produced in the world in 1998.  Even then, the problem of 
fully meeting electricity demands, remains. This is against the backdrop of a staggering 
world un-electrified population of 1.64 billion according to International Energy Agency 
statistics and backed up by the chairman of Kyocera who sees in the meeting of the 
electricity need of this people, a challenge. From every indication therefore, supply is 
lagging behind ever increasing demands; in view of increasing populations and an ever-
rising yearning for better (comfortable) lifestyle and lower production costs, of which 
electricity is always an important component. 
This research work is going to be based on the premise that the most practicable 
(technology wise), abundantly accessible of this renewable energy sources, solar, should 
have been gaining prominence of late as an important and easily available sustainable 
alternative to hitherto existing electricity sources, to help us meet our electricity needs and 
therefore ought to be boosted in production. This, unfortunately, however, is not the 
situation. The reality is that even though solar generated electricity has come to the 
limelight as a plausible sustainable alternative to already existing sources of electricity, it 
still constitutes an insignificant proportion of total world electricity production by source-
type as mentioned above. This retarded acceptance of the technology of harnessing 
sunlight for electricity purposes is mainly explained by its high cost of production. It is 
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worth noting however that social costs or externalities involved in producing these no-
renewable electricity, is not imputed in the total cost of producing these alternatives. It is 
for this reason that this work brings in the concept of externalities, to argue the case of 
solar-based electricity against conventional electricity. Further, we depart from the 
premise that non-renewable sources of electricity are being deliberately encouraged in 
spite of knowledge of existence of environmentally cleaner alternatives because of 
stakeholder’s interest. Reason there for, why there will be an examination of stakeholders 
and their interest.  
 But also of no less importance is the fact that like all other newly emerging technologies, 
it ought to be encouraged (especially given that it is environmentally clean), by the 
appropriate legislation within the various regimes. Unfortunately, this also is not the case. 
This research work is therefore going to closely examine these reasons. 
 
1.2):Research Question:  
 As hinted in the problem field, the question or problem this research will be seeking to 
address is:  
Why does solar powered electricity, -a non-pollutant and an abundantly available 
resource-based electrification, constitute such insignificant proportions of the 
electricity supply by source-type even in Pv producing countries? Upon answering this 
question one might be able to evaluate what prospects exist for the increase in solar 
electricity production.  
 
1.3): Methodology: 
 In order to fulfil the objectives set out in the formulated problem above, the work will 
therefore be committed to the tasks set out below:  
       Investigate into what efforts have been made in research and development geared 
towards cost reduction given the premise that high cost of the components of solar 
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technology harnessing has been the main reason for the low production and a very 
tangible reason why Pv cells are not being ‘diffused rapidly’. Given that chains of 
innovation always start from inventions, to research centres and finally to large-scale 
production facilities, Pv researchers like those in the ‘solar cells research centre in RISO 
Denmark’ were interviewed to obtain first hand information on the evolution of research 
of the technology. This was complimented by literature on the evolution of research and 
development from published textbooks and websites. 
 This information will be divulged in the section (2) dealing with ‘Evolution Of Research 
and Development Aimed At Cost Reduction’ 
       In the investigations leading to the reasons for/probable ways of bridging the gap in 
production between solar energy (PV) source and the other energy sources, the concept of 
‘cost’ as far as electricity production is concerned, will be carried out. A comparative 
analysis of production cost of Pv and fossil-fuelled electricity will also be done. Such a 
comparative cost analysis of non-renewable sourced electricity and Solar, is indispensable 
for the understanding of the reasons why solar is lagging behind non-renewable-sourced 
electricity. To rationally appreciate costing of fossil-fuelled electricity and solar electricity 
technology respectively, there will be an incorporation of the concept of external cost in 
evaluating the real worth of the respective types of sourced-electricity. Electricity, being 
an economic good, it becomes imperative to use such economic concepts in analysing the 
market forces surrounding the production of electricity. The main objective, being to 
highlight those aspects of production that are often undermined by economists, referred to, 
as ‘externalities’. 
 This analysis, which is complimented by life cycle analysis  (section 4), will be eschewed 
in the section (3) dealing with ‘Cost/benefit Analysis of Production of Photovoltaics’. 
Literature for this has been skimmed from published works on cost/benefit analysis 
concepts. 
         Having accomplished the above, the next important step will be ‘the situation in  PV 
producing countries today’. This will greatly help in understanding how stakes are 
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compromised as far as choices of electricity source is concerned. As will be seen in the 
‘limitations’, it is difficult to pin point a particular country for case studies, given that 
solar electricity technology is rather a phenomenon or a revolution, which is worldwide. 
All the same, it is an innovation, which is being managed within territorial boundaries 
with existing regimes and legislations on electricity. Within these territorial boundaries 
called nations, there are existing legislations governing the wider electricity market within 
which Pv is one of the many products there in. It is therefore un-avoidable for one to look 
at the tools and forces influencing electricity supply and demand within cited examples of 
nations that posses those capabilities of making choices between producing and 
disseminating either Pv or fossil-fuelled electricity. 
This analysis will be made in the section (6) on ‘stakeholders’. Statistics as well as 
literature on national electricity policy and institutional operative principles will be 
analysed and interpreted in countries where Pv is produced side-by-side alternative 
conventional-sourced electricity.   
 Here, institutional interaction between stakeholders (investors), and consumers come to 
the fore. Their roles, as far as barriers to the advancement of research and development 
efforts geared towards cost reduction is concerned, will be examined. While looking at the 
nature of interaction between stakeholders, the research will simultaneously be looking at 
how this interaction can constitute a barrier. This will be done when the possible negative 
roles of the actors in the interactive model will be expounded upon in chapter 6. These 
actors like the one mention above, (Kyocera Coperation), have understandably organised 
themselves into forums like the European Photovoltaic Industry Association (EPIA), to 
lobby and defend their interest as they interact with other stakeholders in electricity.  
Their web sites as well as those of other Photovoltaic industries and associated institutions 
like EREC and EIA are definitely going to prove invaluable to compliment published 
material as an information tool.  
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          Potentials and possibilities within the context of greater provision of solar powered 
electricity; forms the basis of the conclusion. This potentials and possibilities are 
expounded upon, when this project rounds up with recommendations that can contribute 
to the increased production of photovoltaics.  
 The nature of this interaction and how it affects the rate of diffusion of Pv cells as 
mentioned in the quotation above, will be examined. ‘The stake-holders interactive model’ 
falls in line with such objective of seeking to analyse and understand the role that 
respective actors can play to advance the diffusion of solar electricity. The possibility of 
such prospects forms the optimistic note on which the research concludes. This conclusion 
drawn from the analysis carried out in sections two to four, draws from the interpretation 
of empirical knowledge, to advance what is thought to be plausible ways and means of 
advancing and increasing the production of Pv in the wider market of ‘electricity 
production by source-type’. As stated above, the solution to such barriers forms the 
concluding point of the research work. The solution will be sought within the scope of 
those factors that were initially considered to be imperative for the diffusion of Pv cells. 
That is, through technological innovation to a completely new way of pricing our 
products, and  better institutional interaction.  
 
1.3): The Limitations of the research. As far as the technology is concerned, I will only 
look at solar electricity technology otherwise referred to as photovoltaics, which basically 
is the scientific know-how of transforming light from the sun (photo) into electrical use 
(voltaics). In as much as solar thermal electricity is also dealing with harnessing this 
abundantly available resource –sun-, to produce electricity, it deals with harnessing rather 
the heat from the sun. It might be mentioned in passing but will not be focused upon. This, 
in bid to concentrate more, on photovoltaics (Pv) whose technological evolution is on a 
faster moving lane (even if it constitutes a relatively very small proportion to electricity 
production by source-type), and is more practicable. Even with photovoltaics, the various 
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types of distinct applications, -The stand-alone and grid-connected-, will not be 
differentiated upon..  
Region wise, the work will not focus on any particular country given that it is a 
technology which is being developed simultaneously in many countries of the west. 
However statistics will be drawn mostly from Europe and where ever the technological 
evolution path takes the research to. Being therefore a phenomenal investigation, there 
will be no reference for a particular case study. Finally, in as much as the evolution of 
Research and Development geared toward cost reduction will be examined; it will not be a 
purely scientific analysis as the focus here will be on cost, given that this is what is 
considered to be of greater importance as far as research into ways and means of 
increasing production is concerned. Costing itself, though comprising the social aspect, 
will not be as extensive an analysis as one will expect in a social cost analysis.  
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Glossary Of Some Common Terms and Origin 
 
Energy Efficiency : Producing the same final energy services-lighted, heated, and cooled 
rooms, transport for people and freight, pumped water, turning motors-but less energy to 
do so. It means the same or better material quality of life, usually at less cost- not only less 
direct energy cost, but also less draw down of domestic energy sources, less conflict over 
sitting facilities, and for many countries, less foreign debt and less military cost to 
maintain access or control over foreign resources:  
Energy Transformation System:  According to the Dictionary of Energy –Macmillan 
Press Ltd of 1998; it is a physical as opposed to an economic concept of the energy 
industries. Without exception, no energy resources can be used without some process of 
extraction, purification, treatment and delivery. The concept describes the network of 
industries which carry through the entire process from research and exploitation to 
delivery to the customer. 
Kilowatt-hour (symbol: kwh): (Macmillan dictionary of energy (ibid): The transfer of 
1000 watts of energy for 1 hr, since a watt is a joule per second, the kW-hour is = 3.6 
mega joules (Mj). In times past, electricity was recorded, measured and paid for at the 
domestic and industrial level, in kilowatt-hours (the so called unit of electricity) while heat 
was measured in units such as the calorie, British thermal unit or joule. With the advent of 
the SI system of units, there is no semantic distinction between a kilowatt-hour of 
electricity and one of heat. This leads to some confusion, for while 1Kw-hr of electricity 
will yield 1 kW-hr of heat, the reverse is not the case. For this reason, the kwh in some 
texts carries a subscript –kwhe, when the numbers refer to electricity, and kwht when the 
numbers refer to heat. 
Photovoltaics  
Photovoltaic (or PV) systems convert light energy into electricity. The term "photo"  
stems from the Greek word "phos," which means "light." "Volt" is named after 
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Alessandro Volta (1745-1827), a pioneer in the study of electricity. "Photo-voltaics," 
then, could literally mean "light-electricity." Most commonly known as "solar cells,"  
Photovoltaic cells convert light energy into electricity at the atomic level. Although first 
discovered in 1839, the process of producing electric current in a solid material with the 
aid of sunlight wasn't truly understood for more than a hundred years. Throughout the 
second half of the 20th century, the science has been refined and the process has been 
more fully explained. French physicist, Becquerel first described the photovoltaic effect in 
1839, but it remained a curiosity of science for the next three quarters of a century. At 
only 19, Becquerel found that certain materials would produce small amounts of electric 
current when exposed to light. Heinrich Hertz in the 1870s first studied the effect in 
solids, such as selenium.  
Photovoltaic concentrator solar arrays: are devices, which intensify the sunlight on the 
photovoltaics. This design uses lenses, called Fresnel lenses, which take a large area of 
sunlight and direct it towards a specific spot by bending the rays of light and focusing 
them. Some people use the same principle when they use a magnifying lens to focus the 
Sun's rays on a pile of kindling or paper to start fires. Solar concentrators put one of these 
lenses over every solar cell. This focuses light from the large concentrator area down to 
the smaller cell area. This allows the quantity of expensive solar cells to be reduced by the 
amount of concentration. Concentrators work best when there is a single source of light 
and the concentrator can be pointed right at it. Solar cells are the most expensive part of 
solar arrays. 
Solar Cells :A solar cell is any device that directly converts the energy in light into 
electrical energy through the process of photovoltaics. The development of solar cell 
technology begins with the 1839 research of French physicist Antoine-César Becquerel.  
According to the Encyclopaedia Britannica "What is often considered the first genuine 
solar cell was built around 1883 by Charles Fritts, who used junctions formed by coating 
selenium (a semiconductor) with an extremely thin layer of gold... These early solar cells, 
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however, still had energy-conversion efficiencies of less than 1 percent. This impasse was 
finally overcome with the development of the silicon solar cell by Russell Ohl in 1941. 
Thirteen years later three other American researchers, G.L. Pearson, Daryl Chapin, and 
Calvin Fuller, demonstrated a silicon solar cell capable of a 6-percent energy-conversion 
efficiency when used in direct sunlight."  
Social Cost: Is the cost imposed on or passed on to others without compensation in the 
course of meeting ones needs. Those needs might be the economic activities of firms. 
These costs are often externalities or spill over effects of activities because their effect on 
the society and environment while unhealthy cannot be effectively valued in monetary 
terms. 
Solar Energy  
Solar panels are devices that convert light into electricity. They are called solar after the 
sun or "Sol" because the sun is the most powerful source of the light to use. They are 
sometimes called “photovoltaics” which means "light-electricity". Solar cells or PV cells 
rely on the photovoltaic effect to absorb the energy of the sun and cause current to flow 
between two oppositely charge layers. 
Solar Panels  
 A solar panel is a collection of solar cells. Although each solar cell provides a relatively 
small amount of power, many solar cells spread over a large area can provide enough 
power to be useful. To get the most power, solar panels have to be pointed directly at the 
Sun. Solar panels are very hardy. Compared to alternative power sources, they wear out 
very slowly. The principal factor affecting the loss in power with time is the Space 
radiation environment. For low radiation environments, such as low Earth orbiting, their 
effectiveness decreases around 1 to 2 percent a year. This means after a five-year mission 
the solar panels will still be making more than 90% of what they made at the beginning of 
the mission (as long as they haven't gotten farther away from the Sun).  
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Chapter 2 
 
EVOLUTION OF RESEARCH AND DEVELOPMENT GEARED TOWARDS 
COST REDUCTION 
Far from being a pure-science research work on the principles of or functioning of 
photovoltaics that this research work is, it is necessary for the reader’s digestion to have 
an idea of what the science of harnessing sunlight to produce electricity is all about. The 
focus of the research here is to enable an appreciation of progress in research and 
development over the years in making the technology of harnessing sunlight for 
electricity, adaptable and competitive hence affordable relative to the widely demanded 
alternative sources of electricity hitherto referred to here as conventional. In this way, 
prospects of photovoltaics on the electricity market can be evaluated and appreciated.  
According to Ken Bhutti et al, in 1876 some researchers in Europe found out that if some 
light was reflected on selenium, an electric current was produced. Selenium is a 
nonmetallic element with photoelectric properties. This discovery sparked off interest in 
photovoltaics that has been sustained thanks to its important role in the space age as solar 
panels were needed to power spacecrafts. Eventually three Americans working on the 
transistor in the early 1950s discovered the solar cell that we use today. They were the 
people that initiated the revolution in silicon. Silicon is a brittle nonmetallic element 
widely used in chemistry and industry. These Americans built transistors, which are small 
electrical devices that are the electronics for everything used today. They also found out 
that, transistors built in a certain way, could produce a very efficient solar cell. Heinrich 
Hertz in the 1970s found out that selenium PV cells were converting light to electricity at 
1% to 2% efficiency. As a result, selenium was quickly adopted in the emerging field of 
photography for use in light measuring devices.  
Subsequently, the focus was and has been on ways and means of ameliorating on the 
performance of the component parts so as to increase and enhance the efficiency of 
converting sunlight to electricity. 
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 2:1):Technological advances on Components 
As mentioned in the limitations of the research, the science of converting solar radiation 
into electric energy may be either to achieve thermal electricity through radiation heat, or 
through photovoltaic conversion known as photovoltaics whereby solar rays is harnessed 
to produced electricity. The focus being on photovoltaics, evolution of research geared 
towards increasing the conversion efficiency while reducing cost of the conversion 
materials, will be examined.  
 It is worth noting that efficiency, which is the focus of ongoing research, is all about 
increasing as maximally possible, the amount of sunlight and heat that is effectively 
converted into useable electricity. In this wise therefore, the material used for converting, 
known as ‘converters’, is of prime importance. We will follow up the evolution of 
research to improve upon the various components and conversion efficiency of 4% from 
the 50s when solar cells were discovered, till date. 
 - Converters: Bent sorensen1(pg 396) defines a photovoltaic converter as one which 
“consists of a number of solar cells, connected in a suitable way, plus eventually some 
auxiliary equipment such as focusing devices in front of the cells and tracking the 
systems.” 
Solar cells and their corresponding modules can be divided into two main categories; 
wafer-type and thin film cell. Wafer-type cells are made from silicon wafers cut from 
ingots or silicon ribbons. With thin-film cells texturing is deposited directly on to a 
substrate which might either be stainless steel glass or plastic. Modules are a collective 
assembly of individual cells mounted on a one-dimensional or two-dimensional optical 
concentrator, hence the differentiation between mono and multi-crystalline. 
 These in brief are the main components of the technology of harnessing solar rays for the 
production of electricity.                                                                                                                  
                                                 
1 Bent Sorensen: Renewable Energy. Its physics engineering, environmental impacts, economics & planning 2nd edition. 
Accedic Press 2000 
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It provides the basis from it’s early stages of development, upon which efforts will be 
made in research for greater efficiency of conversion and less costly conversion materials.  
There has been lots of advances in the development of the technology, whereby the PV 
conversion efficiencies have improved considerably. Silicon is said to be not the ideal 
material for solar cells, but it has the benefit of being a widely available raw material, 
which is the basis of the electronics industry. According to Bent (ibid2) pg. 399 “a number 
of improvements have brought the cell efficiency for mono-crystalline silicon cells up to 
about 25%. The light capture is improved through trapping structures that minimize 
reflection in directions not benefiting the collection area, and by back-side designs 
reflecting light rays back into the active areas.” (see fig II, pg 20). He also explains that 
wearing away the surface of the multi-crystalline cells has greatly improved and the 
efficiency has increased by 20%.  Recently produced solar cells which are basically 
converters, minimizes each lost factor carefully and the resulting efficiencies have 
gradually increased. Individual cells based on mono-crystalline materials have linear 
dimensions of typically 1 to 10 centimeters (limited by techniques for growing ingots of 
mono-crystalline material). Multi-crystalline cells formed by deposition of silicon onto a 
backing (usually glass) may have larger cell size, and for amorphous cells, there are 
essentially no limitations. Amorphous cells are being produced on rolls of flexible plastic 
backing materials today, with widths of 1-2 m and rolls of any length. This is an evolution 
from the glass backing; and as confirmed by the head of the Solar cells research unit at 
RISO, constitutes a major break through in cost reduction. A breakthrough, because glass 
is evidently much more costly than plastic, implying prospects for reduced cost of even 
eventual mass production. The same may also be possible for other thin film types, such 
as spray-deposited multi-crystalline materials. 
-Crystalline Silicon: 
This is a major component part of the devices that today converts sunlight to electricity. 
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It is basically constituted of the same substance that makes up sand. Concentrated efforts 
towards technological advances on crystalline silicon began when major steps toward 
commercializing PV were taken in the 1940s and early 1950s, when the Czochralski 
process was developed for producing highly pure crystalline silicon taken up from the 
invention of the Americans in the 1950’s. In 1954, scientists at Bell Laboratories 
depended on the Czochralski process to develop the first crystalline silicon photovoltaic 
cell, which had a 4% efficiency.  
Electricity is produced when sunlight strikes the solar cells, causing the electrons to move 
around. The movement of the electrons initiates an electric current. 
According to a study carried out by  LIFE Ltd,2 there were a number of areas that needed 
to be addressed in order to improve cell and module efficiencies. Recent work on 
crystalline silicon technology has focused upon improved anti-reflection coatings (ARC), 
front-electrode design and surface texturing to improve light capture.   
Recent advances in silk-screen technology have enabled the printing of finer grid-lines 
which maintains a high thickness. Grid-lines have already been reduced by some 
manufacturers from 350microns to 250 microns – adding almost 0.5% to module 
efficiencies – and further reductions to 150microns are expected in the next few years. 
Another recent innovation is the introduction of a back surface field. Impurities are added 
to the rear of the cell to create a heavily doped p-type region which sets up a positive 
electric field (see fig.1 on page 18). The field acts to reflect free electrons back towards 
the p-n junction – which they must cross in order to contribute to the output of the cell. 
The study explains that experiments have demonstrated that a full 1% addition to the cell 
efficiency can be expected using a back-surface field, and this modification can be applied 
using existing equipment. 
                                                 
2 A summary report carried out by IT Power, LIFE and TEAM in consultation with EPIA members for the ALTENER 
Programme of the Directorate General for Energy (DGXVII) of the Commission of the European Communities. ECSC-EC-
EAEC, Brussels . Luxembourg 1996 
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A recent innovation known as ‘laser-grooved-buried-cell’ technology has been to form 
grooves in the cell surface and to deposit the metal contacts into these grooves, effectively 
turning them on their side. The metal coverage on the surface is reduced in this way from 
about 5% to under 1%. With these techniques, the total reflection can be reduced to 
around 2% although costs of manufacture are presently higher. Contemporary research 
efforts are focused on reducing the amount of incidental light reflected back by silicon 
from the present 30% to less than 5%. This involves applying an anti-reflection coating to 
the surface and texturing it in the form of small pyramids. 
Alternatively, about six layers of low quality multi-crystalline silicon can be stacked 
together where a broad maximum of efficiency is found. The diagram below shows how 
such identical thin film p and n layers are stacked on each other to reach acceptable 
overall efficiencies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FigI: Concept of a multilayered thin-film silicon solar cell 
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- Thin Films : 
Evolving from the brittle silicon, which was the first discovered converting component of 
photovoltaic devices, is the thin film upon which contemporary research is now focused. 
The LIFE Ltd study shows that the module costs per Wp are directly linked to the 
efficiency because existing methods for improving efficiency are unlikely to add 
significantly to material or production costs. It is not certain if this will apply in the long 
term to the more complex multi-junction cells. There is a scope for improved efficiencies 
and better stabilities of thin-film modules by the use of multi-junction cells. These consist 
of several layers of amorphous silicon or germanium, with each layer tuned to absorb a 
different part of the solar spectrum. Experimental multi-junction cells have exhibited 
stable efficiencies of 10% and have gone up to 30% of recent according to EPIA’s April 
2003 website news review. However, this research results have not yet been taken to 
industrial production level.  
 
2:2): Pv TECHNOLOGY AND COST ASSESSMENT 
As has been reiterated earlier, efforts over the years, have been geared, not only on 
increased performance of the components, but also on coming up with less costly 
components. A less costly, more performant device will evidently be lucrative to invest in. 
Once there is mass production, overhead production cost per unit, in itself will drop.  
The LIFE Ltd study (ibid2) on behalf of the European Photovoltaic Industry Association 
(EPIA) shows that the rate of advancement in PV module technology since 1970s, has 
been extremely rapid, but not in the development of the cell and materials technology, and 
in improved manufacturing methods. The industry has fought to keep pace in bringing 
these advances into the commercial market place. This has resulted in a dual trend of 
falling prices and rising efficiencies. A trend, which though not placing Pv on the same 
competitive level with conventional electricity, is all the same an encouraging indicator. 
The amorphous silicon remains the only thin-film technology in full commercial 
production. Crystalline silicon (either mono-crystalline or polycrystalline) is still the 
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mainstay of power modules for the professional and the remote system market. According 
to Bent Soørensen, “This is a likely trend to complete the long-predicted change from 
expensive ingot-grown mono-crystalline cell materials to deposition techniques for multi-
crystalline materials on suitable backings, much more suited for mass production and 
price reduction efforts” 
 The IFE report shows that the crystalline silicon technologies, mono and multi or poly, 
are at present best suited to the production of PV modules that can be used for large-scale 
power plants for electricity generation. The study shows that, present production cost of 
these modules is about 3.3 ECU/Wp for integrated production plants from wafer to 
module with production volumes of about 2 – 3 MWp/year/shift. The 2003 IEA report on 
it’s part, evaluates Pv production cost to be about $ 5 to 10 and to even lower than this, 
under the best favorable conditions and site. These figures, which are for grid-connected 
supplies of Pv, are certainly higher than the cost of conventional electricity. Alternatively, 
if one were to opt for the stand-alone Pv installations, the price of  $8 to 40 a watt will be 
paid for the production of a stand-alone system. 
 
 
 
 
 
 
 
 
 
 
 
FigI1(Bent Sorensen pg 400):Structure of monocrystaline silicon with passivated emitter and a locally 
diffused rear structure, used to obtain a 23% module efficiency). 
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2:3): PV Module Cost Reduction 
While aiming at a reduction of cost of components, which are individual units of the 
device, it is equally important to reduce the cost of the final device, which is the module. 
However, beginning with the thin film cells, which are constructed by depositing 
extremely thin layers of photosensitive materials on a low cost backing, offer the potential 
for significant cost reduction. The major component of the photovoltaic solar energy 
systems is the module, which comprise of a number of solar cells connected in series. 
Firstly, material and energy cost is expected to be lower because a much less semi-
conductor materials are required and much lower temperatures are needed during 
manufacturing. Secondly, labour costs are reduced and mass production prospects 
improved, because unlike crystalline technologies where individual cells have to be 
mounted in frames and wired together, thin films are produced as large complete modules. 
This is a very demanding exercise, which ultimately requires a cut back in the efficiency 
of the converters. The encouraging aspect however is that when reduction in component 
costs have been attained, it is relatively easy to equally achieve a reduction in the module 
cost. 
The LIFE Ltd study shows for example that, the cost of the module decreases because of 
the decreased cost of the wafers and the cells. The wafers, being the poly-crystalline 
silicon converters mentioned earlier at the beginning of the chapter. When the wafer area 
increases, the normal ‘36 cell’ module increases its area and its power rate. This has a 
meaningful effect over the module cost because elements of the module cost are divided 
over a greater area. In order to obtain higher conversion efficiencies, it is necessary to 
work out the quality of the polycrystalline material. Further efficiency improvements 
could be obtained with actions to the cells process; such as superficial passivation with 
oxide deposition, increases of the thickness of the serigraphic metallization and  
introduction of layers p+ at the back of the cells, could be able to take the efficiency to 
15%. Considering an efficiency of 2% at the on set of the invention, this can be considered 
a milestone. Today, research departments of photovoltaic producing firms are recording 
 21
ever-increasing efficiency rates to the range of 30 to 50%.  The study asserts that, these 
actions often make the process more difficult and increases the costs. The study concludes 
that, in a period of ten years, the PV modules industrial costs could be reduced to close to 
1.8 ECU/Wp. At the Solar cell research department of RISO, for example, it was gathered 
that a m² of silicon costs $ 200. Though this cost is not the electricity generating cost, it is 
definitely higher if it were to be considered in terms of electricity generation cost. It is 
important to note that, reduction of pv module industrial cost shall be achieved with 
existing technologies and not with new technologies. Cheap modules with high efficiency 
is the ultimate goal of research efforts as this is expected to reduce cost to $1 a watt by the 
year 2015. To reach this aim, there is no need to foresee technological results which do 
not exist at present, but it is only necessary to do better what can already be done today. 
There is therefore no need to invest in new research processes when results of research so 
far undertaken, are yet to be implemented. It is rather necessary to invest to give a more 
rational assessment to those already existing. Once mass production begins with research 
results so far realized, over head per unit cost of production will drop. 
An increase of plant production volumes has an effect (albeit limited) on the production 
costs which are affected by the material costs which account for 50% of the module cost. 
Therefore any volume increase should be justified by a real market demand rather than by 
hopes to achieve decreases in costs. In order to take the best advantage of cost reductions 
arising from economies of scale, the optimum plant would have a production of 10 
MWp/year/shift. 
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(Fig.III :Price per Kwh for different renewable energy sources 1975- 2030) 
 
To further decrease module costs below 1.8 ECU/Wp it is necessary to develop 
technologies different from the traditional crystalline silicon. It will therefore be necessary 
to carry out considerable investments in Research and Development to overcome the 
threshold of 1.8 ECU/Wp and to allow further PV diffusion into the electricity market. 
Following an interview conducted with the head of the ‘Solar-cells-Development 
Department’ at RISO research centre who is presently researching on ways and means of 
increasing the life-span of the polymers (sort of Plastic materials), it can be said that the 
future is promising. He explained that the cost of the materials involved with this method 
of conversion of sunlight into electricity are so minimal that when the life-span problem 
would have been solved, the low cost of the materials will eventually attract greater 
investment in the production of photovoltaics. As to how soon this is feasible, he could 
not say precisely but re-iterates that a breakthrough is eminent in the not-to-distant future. 
Perhaps the graph taken from Bjørn Lomborg “The Skeptical Environmentalist- 
Measuring the real state of the world pg 131” has already taken up this optimistic feeling 
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with the forecasted dropping prices for solar and wind-generated electricity up to the year 
2030. (see diagram on previous page). 
 
  Summary: Thus taking innovation from the laboratory to the industry and into the market 
is a consistent struggle that demands all concerted and committed effort by all those who 
have a stake. It has been seen in the forgoing pages how efforts are being deployed 
through research and development, to come up with cheaper components which should at 
the same time be more adaptable and more performant in terms of efficiency. This is about 
modules which can be integrated into the end-use products of what ever alternative 
sources of solar electricity (as opposed to conventional like fossil-fueled electricity and 
HEP etc), power. This is an inherent advantage in the solar technology that ought to be 
exploited. To finally meet the objective of making Pv competitive on the electricity 
market, however, demands lots of expenditure on research and development. These 
expenses cannot be born by potential investors alone. State institutions have to see an 
interest in financing such research just like research into more performant military hard 
ware which usually takes up huge chunks of state budgets. This implies taking a closer 
look at our preferences and the conditions under which those preferences or alternatives 
are delivered to Us. Whether sustainably or not. In other words at what cost do we get 
electricity from non-renewable sources? The head of the Solar-cells research division 
revealed that the Danish government does not make available grants for research into 
photovoltaics. The funds, he said comes from interested business concerns and other 
Research-granting institutions. There has been an alteration of empirical research norms 
so as to take a closer look at behavioral patterns and circumstances’ surrounding the way 
Man makes His choice. This is because what man chooses to get and how He gets what he 
decides to get, very much depends on some intrinsic human nature. This intrinsic human 
nature is directly or indirectly responsible for the decisions on the type of electricity We 
get. This will be the subject of the following section.  
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Chapter  3 
 
                     Inherent Advantages of Pv.: The Moral argument: 
 Though a research exercise such as this has to be empirical, it is important too, to 
convincingly argue the case for the technology being advocated for (Pv); taking the 
argument to a moral level if need be, as has been found to be necessary here. The benefits 
derived consuming or reverting to solar power electricity or photovoltaics will be 
highlighted. The take off point here is an Economic theory. The economic theory so 
referred to, is the ‘Marginal utility Concept’. According to this concept, there is supposed 
to be an increasing marginal utility or satisfaction derived from the consumption of an 
additional unit of commodity. The higher the marginal utility, the higher the price 
consumers are prepared to pay for the additional unit. This, in another sense, has a 
correlation to our ‘scale of Preference cited earlier. The higher an item on our list of scale 
of preference, the higher the price we are prepared to pay for it. Before we link up these 
concepts to the commodity (electricity) we are dealing with here, it is important that stray 
out of scientific ethics or research norms and reflect for a while on some stack realities 
about life. 
 Reality Number 1:The most indispensable commodities to our existence are free gifts of 
nature for example, oxygen, water and food. The first 2 are free, while the last takes up the 
least expenditure on our shopping lists (monthly or yearly). ‘The best things are for free’, 
the saying goes. 
Reality Number 2: In consuming the most indispensable commodities- Oxygen or water, 
we cannot in any way deprive our fellow human beings from consuming His own share. 
Put another way; we can use these as a barometer to determine what is indispensable or 
most valuable commodity (see “principles of Political Economy –with some of their 
Application to Social Philosophy” By John Stuart Mill 1848 (Pg 6), published by 
Augustus M. Kelley). That is, a commodity which in our consuming it, do not deprive our 
fellow man from consuming same. Keeping this fact in mind, let us picture for while a 
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herd of cattle that goes down stream to lap up water at the end of the days grazing, to 
quench their thirst. Each, in lapping up it’s share of this commodity which is indispensable 
to their livelihood, is in no other’s way to lap up it’s share. Same with the carnivores that 
had exhausted themselves all day long to forage for their food. They go down to this same 
stream and lap up water with no effort comparable to the energy spent in hunting down 
their prey all day long. Here they go getting what they can’t go for a day without (water), 
with no energy expended. It is same with man too. We spend least on water, food and 
sunlight with its product. Yet we cannot survive without. 
 Back to our most indispensable and valued commodity, and in relation to our concept of 
marginal utility and opportunity cost concepts; how much are we prepared to pay for our 
most valued commodity in life (sunlight), and it’s products like plant (food), solar 
electricity. What monetary value can we attach to these? What monetary value can we 
attach to the oxygen we breathe? How much money do we often spend to get a sunny 
vacation together with savouring the beauty that goes with such sunny regions?  Why do 
we need to negotiate, lobby and coerce about free or controlled marketing of electricity, 
when we can invest in an electrification project that will safe every one from the 
inconveniences above, given that sun shines on every nation and on every roof, as 
opposed to those other electricity sources which are not available to all. How much are we 
prepared to pay to get environmentally clean electricity through photovoltaics? 
Ironically more questions might have been asked than answered in this section like is 
demanded of any research exercise, but the purpose of this is to reawaken our 
consciousness, to provoke our thoughts; that we take a lot of things for granted, and that if 
we stop taking things for granted, we might alter monotony. That is to say if we have to 
alter our old habits, ways and likes as well as preferences, we have to stop taking things 
for granted. By altering habits, we are rising above a robot-like way of life. 
 One of the ways of shifting from ‘Robot-like lifestyles is by realising what is best or 
indispensable for us and paying everything it takes to get it. If Photovoltaics is a product of 
one of those best things in life, then it is logical that Man has to pay what it takes to obtain 
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it. When the motorcar was first invented, one was worth about a hundred horse-drawn carts, 
which was the conventional means of transport then. But because man decided it was just 
the ideal means of transport to have, it’s price was no hindrance to it’s ultimate acceptance 
as the conventional means of transport. Today, it is not, even though a horse-drawn cart or 
horse can still take us around. 
Linking up the argument to electricity, we realise that conventionally produced electricity 
has been the main type of electricity and supplied up until now, hence the low price; but if 
we are ready to pay more for PV, it means: 
We bear heavy expenditure in the immediate procurement moments but are spared for the 
rest of our life from bills. By sacrificing more money spent on Solar electricity technology 
purchase now, we a reaffirming the principle of spending more now to save for the future. 
When we increase our demand for PV and it’s various application units like cars 
refrigerators etc, now, this increase in demand will lead to mass produce hence increase in 
supply which by the market principles of ‘Demand and supply’ will ultimately lead to a 
drop in price. On the producer’s part, mass production leads to a drop in cost of production 
per unit. Above all it’s tantamount to being free. Just like all the other best (indispensable 
things of life), it will ultimately be free. We will therefore be free to manage our own 
energy consumption. Energy has always been made free for man’s use in the first place. 
Reasons why it is measured in ‘horse powers’. A horse having been made freely available to 
man. 
Economic Justification: 
-Opting for photovoltaics means paying more for the present but freedom from the stress 
of monthly bills for the future, since there are no monthly bills to be paid with stand-alone 
systems. 
-Photovoltaic technology also makes it possible for the power source to be integrated in 
the end product which might be either house-hold appliances, cars or public utilities like 
telecommunication installations and traffic lights. This system of built-in powering of 
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utilities implies cutting down of unnecessary costs that would have been incurred in 
cabling from power source to end product.    
 
Security Justification: 
-Paying more to get photovoltaic implies security of supplies as there are no risks of 
failure from fault at a central supply unit like with conventional electricity. No risks of the 
unpleasantness of a chaotic situation at a national or regional level as a result of such 
disruption. This can be a guarantee of continuous supply in case of failure from alternatives. 
-Reverting to solar-generated electricity, implies, diversifying electricity supply sources of 
any nation. Diversification in itself is a very concrete security option. 
-This by extension implies autonomy and independence of supply of electricity 
Social Justification 
- Further, it means no unsightly web of grid lines disrupting the vicinity as is the case 
with the present supply system  
-Paying for Photovoltaics now implies making the right choices about what we think is 
best for us or is a priority in our list of scale of preferences. 
- Photovoltaics though expensive now, are a potential source of job creation when the 
technology will evolve to mass production. Mass production apart from creating jobs will 
cut over-head per-unit cost of production, increase nations Gross Domestic Production and 
certainly lead to increased leaving standards due to spiral effects of increased expenditure.  
-It implies resorting to consumption of an electricity-source type which does not infringe 
on the right of other national citizens to preserve their oil resources, to hand down 
National heritage. In so doing we would have been opting for the consumption of the best 
resources; for the best resources are those whose consumption is sustainable, whose 
consumption does not infringe on the rights of others (now and in the future), just like is 
the case with the air we breathe or water. This is sustainable use of natural resources.  
Summary: Sustainability should therefore be extended to imply meeting our needs from 
the right choice of natural resources. If electricity need is possible to be met by either 
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depletable (finite) and non-depletable (infinite) resources, then logic and moral decorum 
demands that the need be met from the non-depletable resource; in this case, solar. 
. In the meantime, a closer look ought to be given about cost. 
. This is because, in as much efforts in research and development for amelioration of 
performance and cheaper materials (seen chapter2) have to be consisistent and committed; 
they also ought to be accompanied by new ways of evaluating the cost of final products of 
natural resources that Man exploits to produce electricity. Reason being that, in as much 
man attaches value to goods and services that yield satisfaction, value ought to be attached 
too, to goods and services whose consumption entails nuisance to health and our 
environment. If such nuisance, termed, ‘externalities’ are valued, then conventional 
sources of electricity production will be valued at a price higher than the present existing 
ones. The final products mentioned above, refers to electricity in this case. It is worthy to 
note that photovoltaics unlike conventional electricity, is unique in the sense that the 
electricity for powering systems is integrated in the system itself (appliances, lanterns, pv 
powered cars etc) unlike conventional electricity, where the product (grid-supplied 
electricity) has to be brought in to power the system or product. This unique nature of the 
Pv technology has brought about the term ‘stand alone system’. This means that the 
product (module) about which there is a lot of on going efforts in research and 
development, will eventually be integrated into a whole wide variety of applications. So, 
while research and development is bringing down the cost of Pv production on the one 
hand, the new value system on the other hand, ought to be bringing up the cost of those 
alternative non renewable sources of electricity like fossil fuels to reflect the social cost 
born by the society, in producing and consuming it, there by contributing to divert 
investment into Pv production. This concept of value is going to be the focus of the next 
chapter where the different types of cost are going to be analyzed in relation to Pv and 
conventional electricity. In taking such a closer look at the ‘cost concept’ or value system, 
this might eventually contribute to enlighten society’s valuation or costing of one of it’s 
basic needs which is electricity.    
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Chapter 4   
 
Comparative Cost/Benefit Analysis of Photovoltaic and Conventional electricity 
 
The moral arguments that have been presented to back up the case of photovoltaics are 
certainly not enough to convince potential investors in the electricity sector that 
photovoltaics is the best alternative of all types of electricity by source-type. Such types of 
arguments might go for the society that consumes and the policy makers who decide. As 
for the investor, the kind of argument that He needs is an economic one where costs and 
benefits are shown. He/She (the investor) needs to be convinced that photovoltaics is 
worth investing in, beneficial wise.  
To be able to better evaluate what prospect exist for the place of Solar energy production 
in the electricity market by source-types, there is going to be an analysis of the economic 
and social costs of producing both conventional electricity on the one hand, and solar-
based electricity on the other, in this section. A fair appraisal of the ‘benefits’ of both 
conventional and photovoltaics will also be done. At the end of these analyses, we hope to 
leave the reader in a better position to make choices as to the most ‘profitable’ type of 
Energy. Up till now, competition between conventional electricity and photovoltaics is 
insignificant, if not absent because investors or economic operators find it more profitable 
to invest in a relatively less costly electricity.                     
 The objective of this section therefore is to analyze the concept of cost in all its 
ramifications, bringing in the imputable (economic) and the un-imputable (social) cost of 
conventional and photovoltaic electricity so that at the end of the day, the investor can 
better and effectively evaluate which of the these types of electricity sources is beneficial 
to invest in. To be rational to both economic operators and environmentalists therefore, it 
is important to consider production costs of both conventional and photovoltaic, so that at 
the end of the analysis, the economic operator will also see where the benefits are. This of 
course is crucial to His final investment decision. His decision is also important because at 
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the end of the day, it is the investor who decides what type of electricity (sustainable or 
unsustainable) society should have; policies, regulation and regimes notwithstanding. So 
the investor needs to be convinced that ‘cost’ of production is actually lower than the 
selling price. 
Conventional electricity will be considered here, as electricity generated from either 
Hydro Electricity Producing Dams (HEP), or fossil-fuelled powered plants. Biomass does 
not often future (or is too minimal) in proportion of energy-source type consumption in 
world statistics, so it will not be considered. The parameter used in considerations of 
conventional electricity here, is therefore not based on whether the resource is renewable 
or not. It is based on the consideration that these are the hitherto popular sources of 
electricity, which (as is the case of HEP) though might be from renewable sources, is all 
the same less environmentally friendly than Pv (consider ecosystem devastation that goes 
with the construction of HEP dams. 
First, there will be an attempted comprehension of the concept of cost when valuing a 
good, product, commodity or service. The good under consideration here is electricity. An 
analysis of economic cost on a comparative basis between conventional electricity and 
photovoltaics will be done; rounding up with a particular comparative analysis of Fossil-
fuelled electricity considered as the most important of all the conventional types. 
Following, will be a comparative analysis of the social costs and benefits of conventional 
and photovoltaics. 
     
4.1): Costing: 
 It is necessary within the context of this research, to look at ‘cost’ detailly first. Cost is 
the value given a good or service expressed in monetary terms. A valuation which often 
comprises inputs involved in production or the foregone goods or services; itself valued 
still, in monetary terms. John Staurt Mill3 (pgs 436 to437) has highlighted the ambiguity 
associated with the concept of value, questioning Adam Smith and De Quincey’s concept 
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of the term. However, as he (John Stuart) ends up by reluctantly accepting it as a valuation 
in monetary terms, this research will also value electricity in monetary terms. This value 
or costs which are going to be analysed detaily under social costing comprise Marginal 
Opportunity Cost (MOC), that is the cost incurred in consuming/producing what we 
consume/produce, or the cost that we would not have incurred if we did not produce or 
consume the product but still met our needs.  All the above additional costs will therefore 
contribute to increase the real cost of production and reduce consumption of electricity 
from conventional means as people will begin seeking other alternatives when the 
electricity produced from these sources would have been valued at it’s real worth. A price 
less than MOC stimulates over-utilisation; a price greater than MOC stifles justifiable 
consumption4
 
4.2)Economic Costs: In this section, attention is focused only on that valuation system 
which does not include social cost. Economic cost here, being those factors or components 
of electricity generation that are priced and upon which the final market price of electricity 
depends. This is the kind of value system by which photovoltaic is considered to be more 
expensive than conventional electricity. Given that comparism is often always between 
conventional or fossil fuelled electricity and solar electricity respectively, the comparative 
economic cost here, is going to be two dimensional; first between photovoltaics and 
conventional electricity as whole (which includes fossil fuelled and Hydro electricity); and 
then with fossil fuelled electricity. This is because IEA/OECD 2003 electricity statistics  
show that HEP and Fossil fuelled electricity contributed about 16 and 54% respectively to 
gross and net electricity production in OECD Europe. This implies that stiff competition 
                                                                                                                                                                           
3 John AStuart mill: principles Of Political Economy; 1848. Piblished by Augustus M Kelley 
4 Jeremy J Warford et Al: Environmental Management and Economic and Development (1989),Johns Hopkins University 
Press:pg10 
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to photovoltaics has been/is expected to come from this sources, so it becomes logical that 
a look be taken at their production costs in a research work such as this. However, the sub-
division below has been chosen on account of the fact that HEP had earlier been 
considered as conventional electricity for the reasons given; while fossil fuelled 
electricity, on account of the important proportionate contribution it has to electricity in 
OECD Europe as given above, deserves to be examined separately even though it is still 
part of conventional electricity.   
4.2.1): Comparing the Economic costs of Conventional and Pv Electricity Production 
Concentrating for a while, only on Economic costs, (ie, excluding social costs) it is 
observed that cost of producing photovoltaic has admittedly been dropping over the years.  
Beginning with cost of research and development (R&D), it is generally agreed that if 
R&D of photovoltaic is generously subsidised by governments and World and regional 
institutions, just like the funding of other areas of research like space and aviation (which 
brings no welfare benefit to mankind), then photovoltaic will be a lot more cheaper to 
produce, hence   more affordable and easily accessible. Alternative non-renewable sources 
of electricity like fossil fuels on the other hand benefits from extensive research sponsored 
by multi-national oil corporations due to the built-in capital already poured in to fossil 
fuels production. Such research and development go a long way to consolidate the hold on 
the energy market that these alternative sources of electricity already enjoy; as quality is 
improved, performance ameliorated, production cost reduced, and supply price, 
consequently reduced. Such comparatively lower supply prices, imply that Pv stands little 
chances in gaining a foot-hold in the electricity market. A residential solar system in the 
U.S. for example was valued in 2003 to cost between $ 8000 to12000 This not 
withstanding, the social nuisance effected by conventionally generated electricity, as will 
be seen in the comparative social cost analysis, still shows fossil-fuelled electricity to be a 
far greater pollutant electricity-supply source.        
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S.K. Lowel5, states inter-alia that ‘Generation equipment costs, reflect the costs of the 
hardware needed to provide a reliable supply of electricity to the customer. Both initial 
and replacement costs are taken into account, and a linear depreciation schedule used to 
calculate residual values at the end of the useful life of the equipment included are engine 
and generator overhauls, which are assumed to take place every five years for diesel 
systems but are not needed for solar PV systems’.   
These facts explain why initially, cost of producing renewable (solar) energy is always 
high as illustrated by the diagram on page 23 from Sørensen (ibid) (pg 743). When one 
looks back at the situation in the 70’s when electricity produced from photocells was 50 to 
100 times as expensive as electricity produced from conventional sources, to the $3-6 a 
watt of photovoltaic as opposed to almost halve a dollar for conventionally produced 
electricity in 1998; to the present situation of only a double or triple in price difference, 
then it must be acknowledged that research and development efforts have gone a long way 
to contribute to increase in photovoltaic contribution to electricity by source-type. A look 
at ‘2003 edition of the Electricity information report for the IEA’ shows that while hydro 
powered electricity cost was as low as $2 US per kwh to produce, concentrated solar 
plants produced electricity at the cost of US$ 8 to 12 per kwh. With such a price 
difference by a factor of 4 to 6 between Pv and conventional electricity, it is 
understandable why solar is contributing a meagre 0.23 (approx.) out of a total net 
electricity production of 3289.03 TWh in OECD Europe in 2001. (see table). 
 
 
 
 
 
                                                 
5 S.K. Lowel5 1996 –2000 on www..solardome.com/SolarDome61html. 
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Table 1: Gross & Net Electricity Production(TWh) In OECD Europe . 
 
 
 
 
 
 
 
 
 
 
 
 
Even though Pv-produced electricity price is double or triple conventional electricity 
price; this is based only on short run investment considerations. In the long run however, 
cost of producing fuel-generated electricity, which is initially low, becomes higher than 
renewable energy. This of course is due to the high accumulated running cost. 
 According to Meadows et al6 (pg 76).  
“Solar thermal and wind-powered electricity in appropriate locations are already cost-
competitive (and he substantiates these with the figure on page 35), Studies for the U.S 
Department of Energy say that within forty years, the United States could get 57% to 70% 
of the total energy it uses now from sun, wind, water, geothermal and biomass. Since at 
least half the energy the country uses now could be saved by higher efficiency that means 
a totally renewable energy future could be possible… Both technologies are now 
competing with conventional electricity generating technologies”. Meadows goes further 
to sound an alarm note by asserting that if the present rate of 3.5% annual increase in gas 
consumption continues, the resources will be depleted in 64 years!, other wise the 1990 
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consumption rate be maintained; following which world reserves will be depleted rather in 
240 years. Faced with such grim prospects and given that on other hand, the cost of 
renewable energy production is on a declining path as shown in figure VI, the choices are 
open for mankind. 
According to the IFE Ltd studies, HEP was valued at between 0.15 ecu/Kwh to 0.35 
ecu/Kwh to produce while PvKwh was valued around 0.26ecu/Kwh in 2001. Pv’s  0.26 
ecu is evidently higher than HEP’s 0.15 production cost and will encourage HEP and 
fossil-fuelled electricity production. Within the limits of our economic argument, this 
implies drawing up on a nation’s capital stock. This is impoverishment as opposed to 
growth that could be reasonably met by meeting electricity needs from renewable (non-
depletable) resources. The target therefore for Pv is 0.25 ecu/Kwh by 2005; which will be 
at a cost lower than the 0.35ecu/Kwh seen above in 2001 for HEP.  Worthy of note is the 
narrowing margin of difference in cost though, with time. 
The 2003 IEA report on it’s part envisages a price of as low as between $0.5 – 1 per Kwh 
in the long run (2020). This would have been a significant 20% reduction in the total 
system price, equivalent to a fifth of the price in 1998. A remarkable achievement indeed, 
if eventually realised. 
 
 
 
 
 
 
 
  
 
                                                                                                                                                                           
6 Donella H meadows, Dennis L Meadows, Jørgen Randers: Beyond The Limits-Earthscan 1992 Pg 76 
8 ibid 
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Fig. IV:Cost of Electricity from Solar Energy and wind Power (from Meadows et al. pg 77)8
cents per kilowatt hour 
 
This diagram provides some glimmer of hope for the solar energy market; because it is 
held that the demand for solar energy has been lacking behind the demand for 
conventional energy, due to the fact that conventional energy is abundantly available in 
the first place. There is no denying the fact that this abundance in itself contributes to the 
low price of conventional energy. Economic law of demand and supply holds that price 
drops as supply increases. Considering therefore the above trend illustrated on the 
diagram, a drop in production cost will ultimately lead to abundant supply as investors 
will be attracted to troop in to the solar energy market. This abundance in suppliers will 
eventually lead to a drop in price of photovoltaics in the long run as already forcasted by 
numerous works.  
 To arrive at such a situation demands more research into cheaper methods of tapping 
sunlight as seen in chapter two. This is where national and international organisations’ 
committed policies come in. Leading photovoltaic producing nations have to make more 
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funds available for research into less costly methods of photovoltaic technology.                         
. Even Bjørn Lonborg  ‘The sceptical Environmentalist Pg 133’ is optimistic 
‘The cheapest photovoltaic cells have become three times as effective since 1987, and 
prices have dropped by a factor of 50 since the early 1970’s. Solar cells are not quite 
competitive yet, but it is predicted that the price will drop to 5.1 cents per kwh. 
Particularly in areas that are far from cities and established grids, solar cells are already 
now commercially available’. The present trend of increasing electricity prices from 
conventional sources as published in the OECD/IEA electricity report of 2003 provides 
soft grounds for electricity from Pv to make it’s mark in the electricity market. The 
European Photovoltaic Industry Association (EPIA), as of it’s May-web site update is 
optimistic that ‘ The cost of manufacturing both solar cells and modules has been falling  
steadily. On average, the price of modules has fallen by 5% per annum over the last 20 
years’. They are optimistic that as the Pv market becomes increasingly self-sustaining and 
expands, the technology will ultimately benefit from economics of scale which will be 
seen in falling cost of production. They expect a 20% reduction in Pv cost with every 
doubling of total installed capacity.       
What this research is postulating is that cost of photovoltaic production has to drop to the 
point where the cost of production is over and above the cost of producing conventional 
electricity. Only then can there be a large-scale switch to the production and consumption 
of photovoltaics. A drop which is however hinged on the points raised in the foregoing 
paragraph.  
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 The renewable energy referred to here, is wind, but other illustrations elsewhere in the book 
show  same for solar.   
      
The importance of costing can however not be belaboured enough in energy economics, if 
there should be a rational comparative cost evaluation of conventional and renewable 
electricity market. Sørensen (ibid pg  739-740,747) belabours this point when he states 
‘…Many renewable energy technologies, such as photovoltaics, are presently in a phase of 
rapid development, expected to lead to a lowering of prices, at least in proportion to 
accumulated volume of production. On the other hand, fuel-based energy systems are 
influenced decisively by future fuel costs, which are uncertain both because of 
uncertainties in predicting the rate of resources depletion and because they are artificial 
prices, which will be modified as the technical and political expectations regarding 
alternative energy systems change. 
‘The specific interest in the indirect economic factors in connection with energy supply 
systems using renewable energy sources is derived from the hypothesis that many of the 
factors presently regarded as “indirect economics” will place the renewable energy 
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systems in a relatively more favourable position, relative both to the short-term fuel-based 
alternatives (fossil and fossil sources) and to the long-term alternative (fusion sources). 
 This ‘Economic analysis’ will be rounded up by taking a look at what Meadows et al 
(ibid pg 76), says on technical advances in capturing the sun’s energy 
‘They (advances) have been slower than those in raising efficiency, but they have been 
steady nonetheless. In 1970 photovoltaic (pv) electricity was generated at a capital cost $ 
150 per watt. By 1990 the cost had dropped to $4.50 per watt. A cost reduction by another 
factor of 3 to 4 will make PV electricity competitive with large-scale coal fired plants, 
even without environmental costs being counted in the price of power. In less-
industrialised countries PV is already the most cost-effective choice for villages and 
irrigation projects that cannot afford the capital cost of connecting to a distant grid’. It is 
distinctively clear from these various stand points that economic cost reduction is very 
closely interwoven with cheaper production techniques which hinges on research and 
development already zoomed in chapter 2. To conclude this section on Comparative cost 
analysis, Fossil fuel (one of the most important types of conventional electricity) 
electrification cost in particular, will comparatively be analysed with Pv electrification 
cost to finally evaluate the prospects of pv based on the cost factor. 
 
4.2.2): Comparison of  PV kWh  Cost Vs Fossils Fuels kWh Cost. 
Having globally compared the economic cost of producing conventional electricity in 
general to that of Pv, it becomes imperative at this juncture to single out one of the most 
environmentally unfriendly sourced- electricity –Fossil fuel-, in particular, and attempt to 
compare their respective costs of production so as to evaluate the prospects of Pv 
electricity in competition with fossil-fuelled electricity. This is because it features amongst 
the most highly consumed electricity by source-type in most countries of the world, even 
in the photovoltaic producing nations. 
According to the LIFE study (ibid), PV supplied electric energy has various applications 
each one with a specific cost. It is generally agreed that stand-alone PV systems of up to 
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2kWp are economic on a life cycle cost basis. Smaller systems such as solar lanterns or 
solar home systems for developing countries can be competitive on an initial capital cost 
basis when compared with a connecting to the local grid or buying a generator set.  
The study also shows that if 1.5 ECU/Wp for modules is achieved with a positive trading 
margin of about 20% added, the resulting module price will be 1.8 ECU/Wp. Under these 
conditions, the same, 3.3 MWp plant would produce electricity at a cost of 0.28 
ECU/kWh. This demonstrates that the research action on the PV modules alone is not 
sufficient to make the PV – kWh cost competitive with the fossils – kWh.  
The LIFE study emphasizes that; PV kWh cost strongly depends on the overall plant life-
time. This is obvious because the photovoltaic systems are characterized by high initial 
investments and low running and maintaining costs. For the same reason, the PV cost –
kWh is strongly dependent on the way it is financed ie on the interest rate. The same plant 
whose lifetime is 25yrs will have a kWh cost ranging between 0.3 ECU and 0.72 ECU if 
the yearly interest rate ranges between 2% and 15%. This means that the PV kWh cost is 
also strongly dependent on the financial policy applied to these plants and therefore it is 
necessary that PV plants life-time should be at least 25yrs (see analysis on Life cycle 
cost).  
 It is worth noting that Pv cost is proportionately related to the conversion efficiency. The 
higher the efficiency, the higher the cost. For example modules with 10 % efficiency 
according to the IFE study, will cost 275 ecu/m2, while a module with 14% efficiency will 
cost 440ecu/m2. Efficiency has been proven to be related high level of sunshine; and the 
higher the irradiation, the lower the generation cost. According to the ‘2003 Electricity 
Information Report of OECD/IEA’, in California were there is a high level of sunshine, 
photovoltaics has already become competitive with retail electricity. On the other hand, 
the cost of electricity from fossil fuels are valued at industrial cost to range from 0.0 
5ecu/kwh for bulk plants to 0.13 ecu/kwh for peak and 0.25 ecu/kwh for grid support 
plants. According to the same ‘2003 Electricity Information Report of OECD/IEA’, the 
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production cost of Pv was between US$ 25 to 80/kw, whereas small hydropower ranged 
from only between US$10 to 15/kwh     
With these considerations, it can be assumed that the photovoltaic electricity generation, 
can have an effective use not only for the improvement of life using stand alone systems 
but also as a support to national electricity grids at terminal sites, and afterwards as a 
demand support to national electricity grids at terminal sites, and subsequently as a 
demand support in the peak hours.                                                                                                  
The International Energy Agency (IEA) statistics report for 2003 (page 12), in line with 
the considerations mentioned above states 
“Although very small, the share of renewable electricity (excluding hydropower) grew 
from 1.8% in 1990 to 2.1% in 2001. The increase is mainly due to OECD Europe, where 
implementation of strong renewables stimulation policies by the European Union member 
countries encouraged the growth of non-hydro renewable production. … However, while 
in 1990, still 89.9%of electricity produced from renewable sources came from hydro 
plants, this share decreased to 86.3% in 2001 due to the rapid growth of electricity 
generation from other renewable sources” 
Even though there has been a drop in the percentage contribution of hydro to electricity in OECD as seen 
above, it still constitutes a sizeable chunk in proportion, of the total contribution to electricity by source 
type. This implies that solar, together with other renewables constitute a meagre 13.7% contribution in 
the proportion of renewables contribution to electricity in the OECD.  
Consequently economic cost seems to be the main reason why, according to the “2003 
OECD/IEA statistics on Electricity Information”, solar and wind plants made up a meagre 
0.8% of the gross electricity production in OECD (Organisation for Economic Co-
operation and development Countries) in 2002, while Hydroelectric plants constituted 
13.1% and fossil-fuelled plants tipped in a staggering 60.8% of the total electricity by 
source type produced. Fossil-fuelled plants are therefore understandably the cheapest 
                                                 
10 Inge Kaul et al:Providing GlobalPublic Goods. Managing Globalisation: Oxford University Press 2003   
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source of electricity by every standard. But on what criteria is it considered to be less 
costly?     
 Having thus justified the basis of consideration of conventional electricity in general, and 
fossil fuels electricity in particular, it becomes imperative to look at the social ‘costing’ of 
conventional and photovoltaic electricity comparatively; analysing both in a bid to 
understand why Conventional electricity contributes a larger fraction to total electricity 
production by source type than Photovoltaics. 
 
4:3): Social Cost/Benefit: 
Social cost or benefits can be termed as those un-imputed cost or benefit of an economic 
activity that are passed on to victims or beneficiaries and are either not compensated for or 
being compensated for, for generating them. The term social Cost is often used 
interchangeably and means the same as spill-overs or externalities and according to Inge 
Kaul and Ronald U Mendoza10 (pg 107) 
“Externalities are benefits conferred or costs imposed on others without compensation…a 
phenomenon that arises when an individual or firm takes an action but does not bear all 
the costs (negative externalities) or receive all the benefits (positive externalities)”. 
  Social costing, it must be acknowledged, involves a lot of uncertainty and presumptuous 
calculations, since it is in most cases, impossible to attach a monetary value to some 
negative impacts (spill-overs or externalities) or social benefits that productive activities 
generate. How ever the table on page 44 shows estimates  of approximate values of impact 
on human health of pollutants according to Rainer Friedrich11 of IER university of 
Stuttgart.  
 
 
 
Table II: Approximate Value On Human Health Of Impact Of Pollutants 
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It must again be emphasised that this are just estimates based on cost of treating the ill-
health  
4.3:1): Comparing The Social Cost/Benefit of conventional and photovoltaic     
                                        Electricity: 
As mentioned in the definition of social cost above, there are often spill over effects or 
externalities of every economic activity that is carried out. Electricity production is one of 
those economic activities that this study has come to discover, generates ‘spill-overs in it’s 
production. It had been earlier mentioned that ‘spill-overs’ could either be beneficial or 
harmful in impact. Conventional electricity is that electricity source which is an alternative 
to photovoltaics. If their ‘spill-overs’ are pitted side by side, and comparatively 
appreciated, it then becomes possible for man to see the wider implications of the choice 
of electricity by source-type that He makes 
Economic operators are always never at ease when talking of cost in the presence of 
environmentalists. While economic operators will consider the negative impacts of their 
                                                                                                                                                                           
11 Paper presentation at a workshop on LCA & recycling 2004 in Belgium. 
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activities on the environment (through either disagreeable effects on man and the 
ecosystem or natural resources depletion) as ‘externalities’; implying un-imputable, 
ecologists argue that these so-called ‘externalities are imputable and in fact ought to be 
imputed in the total cost of production. Ecologist argue that in incurring health risks from 
either producing or consuming (generation of wastes), we spend on health insurance and 
health care which ought to be included in the cost of producing say fossil fuels; 
furthermore, in appropriating oil resource stocks in our time, we ought to be operating 
some sought of trust fund to the benefit of posterity from taxes imposed on non-renewable 
natural resources like fossil fuels. So it is realised that if taxes are imposed on fossil fuels 
to the value of the cost born by Man in producing and consuming it, their real market 
prices will be higher than they actually are. In fact in scrapping off subsidies from which 
the oil sector is benefiting in most countries, gas and coal-fired power plants will be more 
expensive to run. If the ecosystem damaged by waters held behind a flooded dam is 
costed, then the electricity rate charges from HEP will actually be higher than what is 
obtained at the moment. If the health hazards that man is exposed to as a result of 
consuming conventionally-produced electricity and the expenses incurred  in cleaning up 
waste from this energy sources are taken into consideration, then the costs will actually be 
higher. 
Handling of social cost involves pollution taxes or premiums. If there are premiums 
obtained from non-renewables like oil, there will be a switch from other conventional 
sources of electricity to renewable-sourced electricity like photovoltaics. Bent Sørensen, 
in ‘Renewable Energy’(ibid) (pg 758) backs up these view when he ague’s that  
‘Subsidies can be used for a limited period to speed up the initial introduction of 
appropriate technology, assuming that in the mature phase the technology can survive on 
it’s own. 
Since renewable energy technologies help relieve the burden of continued exploitation of 
non-renewable resources, with the associated environmental problems, they may be 
particularly eligible as candidates for Appropriate Technologies, which should be 
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supported and if necessary given government subsidies. …the operation of renewable 
energy systems does not involve pollution of the kind associated with non renewable-
resource-based energy conversion’. 
This is about regimes and regulatory tools influence on the market, which constitutes part 
of Intra-institutional politicking (stakes), which will be given a greater in-depth analysis in 
chapter 6. 
   At this juncture we bring in again the concept of scale of preference upon which ‘cost’ 
hinges. Is Man’s preference here (healthy) sustainable Energy? If so, then there will and 
ought to be that readiness to spend a bit more on such a preference, because we generally 
are prepared to spend a bit more on an item on our shopping list if it is high on the scale of 
preference. Photovoltaics is a healthier electricity as opposed to conventional electricity 
source and understandably costs higher. Consequently it is somewhat logical that a higher 
price be paid for it. 
 From the onset of the development of the technology of photovoltaic energy conversion, 
it has always (just like all other alternative technological innovations), been comparatively 
expensive to produce and supply; but it is known to be comparatively expensive only 
because the above costs of the sources for alternative electricity production have not been 
taken into consideration.  
  
4.3.1.1): Comparing The Social Cost Of Pv and conventional electricity  
However, before we go into high cost of production of photovoltaics, it is logical to also 
examine what social costs that are associated with the production, distribution and 
consumption of photovoltaics. Pitting such social costs side by side those of conventional 
energy will enable a rational appreciation of our options. 
At the level of discharges in the production and consumption of conventional and 
potovoltaics, it is noted that photovoltaic consumption entails discharge when obsolete 
used-up fuel cell batteries have to be discarded. There is therefore a waste disposal 
problem, just like with every other economic good that man consumes. However, these 
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wastes emanating from photovoltaic energy consumption, comes up at an interval of 
between two to ten years period, (given that this is the average lifespan of present day 
converters which is forecasted to extend even to 25 years at the present rate of evolution 
of technological development (as seen in chapter 2). When this is pitted with the wastes 
generated from the production of materials used in constructing HEP dams, the 
maintenance cost involved in these plants as well as gas fired powered plants with its 
constant emission discharge, then we are better placed to make our choices; ‘the IFE ltd 
study’ attribute’s a Kwh production cost increase by a factor of 2 in HEP production 
excluding Co2 emissions. In another table by Rainer Friedrich (ibid), it is observed that 
this health defects which he has attempted to valuate in the table above, are caused mainly 
by pollutants from fossil fuels such as PM10,  O3, SO2,, CO and Benzene. 
Another social cost cited by    Joseph A Merrigan 12 is the visible undesirability of  the 
extensive dark surfaces of solar collectors. When pitted with the visual undesirability of 
power lines, we have opportunities from which to choose. 
Against the backdrop of the target set by the 1993 Rio Conference to limit climate-
damaging energy consumption to pre 1992 levels, the IEA of OECD is aiming for an 
increase in energy supply. Given that electricity made up 26.8% of energy consumption 
in1995 and will contribute 29.8% in 2010, potential pollution contribution from electricity 
is therefore substantial and worth taking seriously. 
 According to conclusions from an E.U sponsored workshop on LCA and recycling held 
in Belgium in 2004, experts concluded that normal operation of a coal fired plant produces 
a minimum of about 2 to 7g (cadmium)Cd/Gwh air emissions under the assumption that 
98.6% of Cd/GWh air emissions are captured with electrostatic precipitators or filters, 
whereas Cd Te (cadmium telluride) Pv plant emissions where 100 to 360 times lower than 
those from such coal-fired plants. 
                                                 
12 Joseph A Merrigan:  Sunlight to Electricity. Prospects For Solar Energy Conversion by Photovoltaics. The MIT Press, 
Cambridge, Massachusetts & London, England. 1975 
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. So given that there is uncertainty in our global stock of oil, isn’t it logical there should be 
recourse to increase efforts to develop alternative renewable sources of energy?  
 There is the possibility of operating a policy of induced unreliability, by imposing taxes 
on fuel to the value of their social impacts and the stock-depleting value. These taxes will 
bring up the price of fuel to reflect not only their market value, but also their social value. 
With this strategy, the price of electricity from photovoltaics will be comparatively lower, 
prompting a switch to the production and consumption of photovoltaic. A measure which 
however has to be accompanied by research and development which will produce 
converters with higher efficiency as seen from the centre of the diagram. All these efforts 
are  because of the contribution to the greenhouse effect caused by carbondioxide (Co2) 
emissions. This is especially due to the fact that Photovoltaic utilization is accompanied 
and guaranteed where it is generated, by regularity of sunshine, hence reliability. On the 
other hand, the overall social cost of generation from fossil fuels will increase the initial 
cost by at least a factor 4 according to the report by the ‘Tiberi and Bonda IFE ltd team’ 
(ibid). The KWh production cost of fossil-fuelled electricity will by this same report 
increase by a factor of 2. If therefore a fuel-powered plant had ¾ of it’s total cost made of 
fuel cost, it therefore implies that there will be a correction factor of 0.75. This leads one 
to Adam Smiths theory of ‘Wealth of Nations’ whereby he considers all the natural 
resources of a Nation as that nation’s wealth. The table on page 49, taken from Rainer 
Friedrich (ibid), shows the value of the external cost of various types of electricity sources 
(renewable and Non renewable) at 3% discount rate in terms of the damage caused by 
Green House Gas (GHG) emissions and air pollutants. Before getting there, it interesting 
to  see from the diagram below, the percentage Co2 emission from electricity generation 
according to EPA 
 
 
Table III: 
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Sources of Co2 emissions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  On account of this principle therefore, there is reason to question here whether it is 
proper to consider resource exploitation (like oil) as wealth creation as is presently the 
case when we talk of Gross Domestic Production (GDP) instead of gross domestic 
depletion (GDD). This is because as Jeremy J Warford13 (pg 9) asserts; 
 ‘These measures do not recognize the drawing down of the stock of natural capital (be it 
renewable or non-renewable) and instead account for the depletion of resources, ie the loss 
wealth as net income. Growth built on resource depletion is clearly very different from 
that obtained from productive efforts and may be quite unsustainable’. 
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Provision of Electricity from conventional means (fossil fuels and HEP), entails drawing 
on a nations natural resources which means depletion and to a wider extent, deprivation of 
future generations’ rightfully merited access to natural resources. There is a social cost 
incurred in appropriating such resources, which legitimately belongs to future generations 
as well. This is because the present generation is imposing an unnecessary cost to be born 
by future generation for cleaning the environment that the present generation has polluted, 
as well as future unnecessary high cost incurred in seeking for alternative energy. Such 
social costs, which are not only born at present, but equally passed on, could be avoided if 
the benefits inherent in the consumption of renewable energy are examined.  
 
4.3.1.2): Comparing The Social Benefit Of Pv and Conventional Electricity: 
 If Man has been finding it difficult to make His choices between conventional energy 
sources and photovoltaics based on the social costs analysed above, then a comparative 
benefit analysis between the two might make it easier for the choice to be made. 
Most of the social benefits have already been seen upon examining social impact 
associated with conventional energy provision. We will take a brief look at some 
additional social benefits associated with Photovoltaics. 
First and foremost, Pv unlike conventional electricity, is fuelled by a freely and 
abundantly available indefinite energy source-the sun. The inflows or ‘fuel’ of 
photovoltaics, unlike with conventional energy therefore, is free abundant and non-
depletable.  
 Whereas conventional energy can only be supplied by way of grid lines, photovoltaics 
has the outstanding advantage of being installed on individual household rooftops in 
‘stand alone systems’ or also in grid form. In our present day world of increasing 
insecurity, with the possibility of the economic activity of a whole country being brought 
to a standstill because of either failure in grid supply or sabotage, it becomes imperative  
for Man to look at alternative ways of getting secured electricity supply. 
                                                                                                                                                                           
13 Jerremy J Warford: Environmental Mannagement and Economic Policy in Developing Countries: John Hopkins 1989 
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Photovoltaics, is known to be a ‘win win’ technological revolution which apart from  
generating electricity for use, serves as a shelter in ‘solar roof’ installations and as 
aesthetics in other designs where the panels constitutes whole facades for solar rays 
capture in large buildings. In this way, the high cost of solar panels relative to 
conventional electricity is outstripped by it’s secondary function of shelter provision. This 
is an added advantage that is lacking in conventional electricity. 
 Further more, the vast web of unsightly conventional electricity power supply lines is 
something which photovoltaics saves one. This, in addition to the savings obtained from 
supply power lines associated with convention electricity. The cost of such supply lines 
are unknown to Pv. 
Lastly an inherent benefit of photovoltaics is freedom from the inconveniences and costs 
involved with maintenance of the power plant. The high over head costs of photovoltaic 
powered electricity is compensated for by electricity unpaid for, for it’s approximately 25 
year life span.   
 The panic and chaos caused by the recent Scandinavian, Italian and American power 
failures towards the end of 2003, lends credence to the advantages inherent in individual 
electricity supply which can only be met of course by Photovoltaics. Perhaps it is time we 
begin to think of limiting grid electricity to large scale public utilities like public transport 
and lighting, so as to limit the impact of power failure. 
 If the purpose of any government is to increase on the welfare of it’s citizens, then PV 
generated electricity offers just that option given that households which had been hitherto 
remote from the grid, can have independent electricity supply. What is more; there is 
complete autonomy in management as there is no payment of bills. This trait makes PV an 
ideal tool for poverty eradication in developing countries. 
Photovoltaics , is an up coming revolution in the electricity sector which like other 
innovations before it is bound to certainly serve as a potential solution to unemployment 
given that when it will swing into mass production as it is already, jobs will be created and 
there will be an increase in the GDP of producing countries.  
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As if it were in an all-out stiff competition with oil, PV technology is threatening to 
substitute oil in all the areas were it is in use. Solar-powered cars are an up-coming 
innovation that is bound to make it’s mark in the automotive industry in the near future. 
This will lead to decrease in fuel-powered cars, hence a decrease in pollution. From every 
angle, Pv is therefore a technological innovation with  ‘win win’ features.   
 
Summary: As pointed out in the foregone analysis, it is always important to bear in mind 
that photovoltaics, unlike fossil-fuel electricity always entails a higher initial investment 
cost but requires less maintenance cost on the other hand than fossil-fuel electricity plant. 
There are also CO2 emissions from fossil-fuelled electricity coupled with the cost of 
handling these emissions, cleaning up and solving the numerous health and related 
environmental problems that goes with its production and consumption as has been seen 
in the forgoing section. If the running cost of the fossil-fueled plants are as high as has 
been shown in the foregone analysis, then it becomes imperative to consider the life span 
of a fossil-fueled electricity plant together with the cost of disposal of end product 
components before making the final decision whether to invest in Fossil-fueled plants or 
not. This calls for a life cycle cost of each of these types of electricity generation 
installations at any given time of process of decision making as far as choosing between 
Pv and fossil- fueled electricity plant is concerned. Such a Life Cycle analysis is going to 
be the subject of the next section.  
 
 
 
 
Chapter 5 
 
                                                          Life Cycle Costing:  
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To be able to undertake a proper cost evaluation of any product or project, it is always 
imperative to bring in the concept of Life Cycle Analysis or Assessment  (LCA). This is 
because LCA is an integral part of an exhaustive Cost Benefit Analysis since the two 
bring in the concept of externalities.   
According to Bernd Kuemmel, Stetan Kruger Nielsen and Bent Sørensen         
in ‘Life Cycle Analysis of Energy Systems’ published by Roskilde University Press in 
1997; Life-cycle analysis is defined 
 ‘As a tool suited for assisting planners and decision-makers in performing the necessary 
assessments related to external costs. LCA is a method, by which it is possible in principle 
to assess all direct and indirect impacts of a technology, whether a product, an industrial 
plant, a system or an entire sector of society. 
LCA incorporates impacts over time, including impacts deriving from materials or 
facilities used to manufacture tools and equipment for the process under study, and it 
includes final disposal of equipment and materials, whether involving reuse, recycling or 
waste disposal’.  
Waste generation over time scale (mentioned in the preceding pages) under social cost, as 
has been seen above can be incorporated into Life Cycle Cost analysis.  
LCA is also an important component of social cost calculations because in LCA, we 
impute the life time (Life span) of a product, and from this lifespan, the energy pay-back-
time is subtracted. In the case of electricity, energy pay back time for Pv modules for 
example, is the time needed for the Pv module to generate the same electricity that was 
used for their production. If the energy pay back time constitutes only a small fraction of 
the total life span ( say10 or 20 % ) of the of the total life span, it implies that 90 or 80% 
of the life span is just pay back which is of course, hugely profitable. It is worth noting 
that studies have shown that only renewable energy systems except biogas, have a positive 
pay back time. This means that, the systems generate more electricity during their lifetime 
than was used for their production. The logic here therefore will be that if the waste 
collection and recycling or disposal cost constitute only a small fraction of dividends in 
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the pay back time, then it is a worth while investment. This is especially so if the disposal 
is not environmentally harmful. See figure for comparative negative impacts of Pv and 
conventional electricity. 
Bent Sørensen further goes on to identify four main uses of LCA from which three are 
considered relevant for this analysis, vis: 
- To determine impacts from different ways of producing the same product. 
- To determine impacts from different products serving the same purpose. 
- To determine all impacts from a sector of the economy, eg. The energy sector”. 
The uses above, (electricity, in this case) are going to be our main focus of attention for 
the purpose of this research. However, it should be born in mind that the product referred 
to in this case, is electricity “producing the same product” as well the sources from which 
electricity is produced (renewable and non-renewable resources), when reference is made 
to “Products serving the same purpose” 
 To be able to meet the above three objectives, Sørensen further suggests a study of the 
foregoing 5 main impacts, which he considers as in-exhaustive. They include: 
“-Economic Impacts such as impacts on owner’s economy and on national economy, 
including questions of foreign payments balance and employment. 
-Environmental Impacts, eg land use, noise, visual impact, local, regional and global 
pollution of soil, water, air and biota, impacts on climate. 
-Social impacts, related to satisfaction of needs, impacts on health and work environment, 
risk, impact of large accidents. 
-Security and resilience, including supply security, safety against misuse, terrorist actions 
as well as sensitivity to systems failures, planning uncertainties and changes in future 
criteria for impact assessment. 
-Development and political impacts, such as degrees of consistency with goals of a given 
society, impacts of control requirements and institutions, openness to decentralisation and 
democratic participation”.  
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Within the context of this research therefore, there is going to be an analysis to determine 
to what extent the alternative methods of electricity production (conventional and 
photovoltaic), impact’s the five main points mentioned and summarised under; the 
economy, the environment, society, security and developmental policies. This will be 
done not withstanding the limitations of such an analysis, which on the other hand are 
however indispensable as has already been stressed. This point is buttressed by Sørensen 
(ibid pg 770), when he affirms that 
‘…LCA is not and cannot be made a routine screening method for products or energy 
systems, but has to remain an attempt to furnish more information to the political 
decision-maker than has previously been available. The decision process will be of a 
higher quality if these broader impacts are considered, but the technique is never going to 
be a computerised decision process capable of replacing political debate before decisions 
are made. This is also evident from the incommensurability of different impacts, which 
cannot always be meaningfully brought to a common scale of units’ 
An implicit  comparative analysis of the various impacts advanced by Sørensen, within the 
context of conventional and photovoltaic electricity therefor shows that; economically, 
environmentally, socially, politico-developmental and resilience and security wise, the 
following impacts are felt: 
a)Economic Impacts: As far as the impact on the economy is concerned, putting aside 
social costs or externalities for a while; it is clear that investment in alternative sources of 
energy production, just like investment in all other sectors, implies increased public 
spending. This in itself can be a remedy for an economy that might be under-performant 
(deflation). The ripple impacts of such an investment will be seen in the creation of jobs, 
and an increased availability of goods and services. The pursuit of such objectives of 
course depends on what type of governance or welfare system we have in place. This goes  
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figure VI: (graph from EIPA report pg 134):Cost of Kwh vs plant life-time for different annual interest 
rates R  
 
a long way to influence the life cycle analysis of a photovoltaic project as shown in the 
graph on page 56, because ‘soft loans’  reduces the time needed for returns on investments 
or ‘payback time’, hence making it a durable project, while high interest loans will 
lengthen the time required for profitable returns and thereby shortening  the time span for 
returns and scare’s away potential investors. This will be the case with a capitalist system 
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where profitability (especially in the short run) is all that count’s. Need might not be seen 
for such an investment. Such a system will prefer to pursue a policy of ‘business as usual’ 
with continued operation of conventional energy systems especially if there are no 
existing policies to control on the external economies inherent in the provision of such 
conventional energy systems Again, we will see more of this in the chapter on stake 
holders. 
b)Environmental impacts: There is certainly much to be said here within the context of the 
two types of energy systems ( Conventional and Renewable) under review, especially if 
we have to carry an in-depth analysis of the wider impacts of the various components of 
the ecosystems such as land use, soil, water, biota air, regional and global pollution with 
the consequent impact on climate. Suffice it to say without belabouring on the well known 
negative environmental impact associated with the exploitation and use of oil resources 
for gas-powered electricity provision, or dams for HEP; that in as much as the production 
and use of PV on a large scale entails use of extensive area of land, solar radiation unlike 
oil is an abundantly free natural resource whose exploitation does not entail any daily 
human endeavour like with oil production. Landscapes and local ecosystems are not 
completely altered in its exploitation like with mining and dam building; there are no risks 
of spills like with oil production, nor pollution of land or marine ecosystems. There are no 
pollutant effects suffered in its consumption like with the burning of gas. Its exploitation 
does not know the disagreeable noise associated with the exploitation of conventional 
energy. Even if it’s bi-products are toxic and might create a waste disposal problem, it is 
relatively insignificant when compared to the looming prospect of a human catastrophy 
associated with the production of nuclear energy (Chernobyl 1986) or fire accident, dam-
bursting risk associated with the production of conventional energy  (see diag. on pg 48). 
The visual undesirability of extensive power grid lines is a phenomenon unknown to the 
‘stand-alone’ PV installation systems. 
c)Social Impacts: There have been numerous studies involving huge sums of money, done 
to estimate the world’s oil reserves in a bid to evaluate how long it will take for humanity 
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to exhaust it! Frightening as such a prospect might seem, it is all due to man’s obstinacy 
and greed. Obstinacy in not reverting to an evidently in-exhaustible resource such as Solar 
radiation or wind; and greed in sticking to the exploitation of a resource for the simple 
reason that it yields ‘profits’ now even if at the risks of depletion thereby inexistence of 
such, to future generations. The question now is since it is evident that oil reserves are 
depleteable, is man going to wait until those resources run out before He starts adapting to 
the use of renewable sources for electricity production, or it is better to start doing so 
now?. What about the lives lost in constructing dams, in mining, displaced communities 
and the daily accident risks associated with the production of gas-powered and HEP 
electricity?. On the other hand, jobs created by a new growing photovoltaic industry like 
the case of Germany where it is estimated that 7000 new jobs were created by the 
photovoltaic industry by the end of the year 2002 is a no less important contribution to the 
social problem of unemployment. The contribution to the country’s gross domestic 
production figures is also significant as a component of economic growth 
d)Security and Resilience: When electricity is provided from a central point to consumers 
in a nation or region, there is always the looming prospect of power failure that will lead 
to a complete chaos in the system. All the nation or region’s computerised system, public 
transport etc. is relying on this central unit. Such a centralised supply creates a soft spot 
for enemy attack. How relieving therefore will it be if electricity power supply could be 
decentralised so as to reduce the vulnerability of a nation or region such as ‘The 
Scandinavian Electricity Supply Network’ from such unpleasantries, like late 2003. ‘Stand 
alone PV’ systems can conveniently supply electricity to fixed as well as mobile 
installations, with the possibility of various extensive PV installations that can take care of 
public transport alone and others, for dispersed settlements etc. 
e)Development and Political Impacts: Depending on the policy objectives of  a 
government, Centralised electricity provision, such as is the case with conventional 
electricity production, will evidently be more appropriate and fits in line with a 
government that intents on centralised control. With such a policy of centralised provision, 
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it is however impossible to meet the electricity needs of the entire citizenry spread across 
the length and breadth of especially developing countries. It is for this reason that it is 
impossible to have to have a 100% electricity provision for developing countries. On the 
other hand, with Photovoltaics, it is easily possible to meet that target, with ‘The stand-
alone’ systems . 
Having thus analysed the impacts of the various types of electricity, we dare into daunting 
task of accessing impacts in monetary terms. As already pointed out at the beginning of 
this analysis, it is never an easy task to do. First of all what is money? (See writ-up on 
main course by Eric Mujih F.). We are attempting to attach a value to nature by using a 
gift of nature (gold). Which is more important to man’s livelihood, gold or oxygen?. Can 
we value happiness, life etc. 
 However, studies, ( as always) have come up with a Statistical Value of Life (SVL) to the 
tune of 2.6 M € (Sørensen ibid pg 785). So that is the amount that will be paid out (to the 
corpse?, since everyone’s life is important first only to him/her), if one were to die from a 
mining or nuclear power plant or HEP plant accident. What about pollution-lead-death 
which can not however be directly linked to pollution?, suffering or pain due to the above, 
or other inconveniences  associated with environmental damage of various types. 
Summary:
 We therefore conclude by emphasising as always and as reiterated by Sørensen (ibid pg 
782) that: 
‘The desire to use common units for as many impacts in an L.C.A as possible is of course 
aimed at facilitating the job of  a decision maker wanting to make a comparison  between 
different solutions. However, it is important that this procedure does not further 
marginalise those impacts that cannot be quantified, or which seem to resist monetising 
efforts. The basic question is really whether or not the further uncertainty introduced by 
monetising offsets the benefit of being able to use common units’.   
There has been an attempt here to compare the implications of an LCA of photovoltaics 
and conventional electricity within the scope of what is considered to be the main factors 
 59
that an LCA hinges on; the economy, environment, sociological impact security and 
development policies. All the forgoing analysis has revealed that the trend of cost 
reduction (which is an important factor in increased production) is being steadily realised. 
Reason why all the extrapolations show a favourable trend as far as Pv production is 
concerned. All the other factors such as decreasing interest on loans for investment in Pv 
projects and other finance schemes, research and development, large scale manufacturing, 
revaluing the non-renewable alternative sources of electricity on account of their pollutant 
effects on the environment etc, all need time  to be attained. As pointed out at the end of 
the previous chapter, Photovoltaic is unique in its manner of consumption as opposed to 
conventional electricity in that it can be delivered in the end-product. This is an advantage 
over conventional electricity; and there is a potential niche market in isolated and remote 
locations like rural areas. It is this rural dwellings (which constitute the ‘1.6 billion yet-to-
be-electrified population’ mentioned in the problem formulation when Kazuo Inamori was 
quoted), that constitutes an opportunity for providing environmentally clean electricity for 
approximately 2 billion people. This especially so, considering that we are dealing with a 
situation of ever growing population especially in the developing countries which 
coincidentally, happen to be in the sunny (tropics) regions of the world. These is therefore 
an enormous potential market for renewable electricity, with the various opportunities 
offered by the technological innovations by way of integrated roof-top installations etc to 
end users. 
 But the attainment of this objective comes through a sense of purpose and commitment to 
the goals that are set to be archived. Policy makers have their role to play in this 
committed engagement, Economic operators have theirs to play and the consumer that we 
each are, equally has his own role to play. The policy maker in coming up with policies 
that compels the consumer as well as economic operators to alter his/her ways. The inter-
actions of this respective stakeholders is going to be seen in the next chapter.    
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Chapter 6 
Stakeholders 
Within the context of present day socio-political dispensation, whereby Globalisation with 
varying objectives all portraying socio-economic and political muscle flexing, jostling and 
jockeying is the order of the day, it becomes imperative in an academic work such as this, 
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to examine all of these contentious issues within this context in as much they very much 
influence and sway the direction that development takes. Exploitation or harnessing of 
natural resources, if meant to be for the good of the community, is bound to be 
sustainable. If the harnessing or development of such resources has to be sustainable, then 
it must be done so on the basis of some laid down principles and guidelines created or 
drawn up by some institutional and constitutional body within a legal framework with the 
consequent enforcing authority on the basis of some tools that can ensure (and if need be, 
enforce) compliance. Furthermore, the success of the above greatly relies on the existence 
of an ideology of a welfare state. A welfare state in this context will be the principle of 
management of the wellbeing of the citizens whereby; the principle of ‘Free market 
economy’ must be controlled and regulated by those who have that constitutional 
authority to do so. This is because, we have seen in the preceding chapter, to what level 
the principle of, or operation of the ‘free market economy’, if not fine-tuned, can be 
detrimental to environmental management. 
The purpose of this chapter therefore, is to examine the game plan involved in producing 
and supplying the various types of electricity that have been examined in the previous 
sections. A look is taken of the various existing Associations and organisations as well as 
bodies formed within the ambits of the European Union and without, to supposedly 
promote the dissemination of photovoltaics within the wider objectives of ‘Promotion of 
Renewable (Environmentally clean) energy production’.  With such a critical appraisal, 
these various institutions as well as the for-runner Nations in the photovoltaics industry 
might be mirrored, as far as the attainment of their objectives is concerned.  
It is however appropriate in this context, to look at what policy is, in the first place.  
Policy according to “Colins Dictionary” is defined as “Plan of action adopted by a person, 
group or state”. This therefore implies that there are defined goals and objectives that are 
supposed to be attained by any policy outlined. The achievement of such objectives can 
therefore be realised only through identified tools. It calls for the availability of means of 
enforcement as already mentioned above. This to a large extent depends on the policy 
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conceptors or designers in the first place. What constitutional and moral authority do they 
have? What immediately comes to mind here as an ideal, is a situation whereby the said 
plan of action is drawn up by persons, say elected representatives of people deciding on a 
plan of action in a country or region. However, natural resource availability knows no 
political boundaries. In fact they have rather constituted a source of antagonism between 
states. The environmental impact of their production and consumption also knows no 
geographical limits. This therefore calls for concerted efforts in the management of natural 
resources, which in this case is either fossil fuels or solar energy, The raison d’etre of such 
concerted efforts is that, if it is done within nation boundaries, it will be in-effective, 
hence the birth of nation groupings like the European Union. 
 As John and Elizabeth Blomberg point out in “Making sense of EU Decision-making in 
the European Union. Macmillan” (pg 6) ‘Neo-realism assumes that ‘states are the key 
actors in world politics; they are substantively and instrumentally rational; and their 
preferences and choices are largely shaped by the absence of a centralized international 
authority’. The same authors quoting Scharpf 1994a 220, go on to admit however (in pg8) 
that ‘The EU is a powerful level of governance, and in fact is the main regulator of the 
most highly regulated societies in the world. It must craft policy solutions that surmount 
conflicts of national interest in a system that features abundant and widely distributed 
vetoes. Yet it often seems that ‘the policy-making capacities of the union have not been 
strengthened nearly as much as capabilities at the level of Member states have declined’. 
Says the Blombergs however; “The EU itself is resource-poor, spending less than 2 
percent of all public money in the Union. It must aggregate an enormous number of 
interests in a polity of 370 million EU citizens without the benefit of strong, Europe-wide 
political parties, pressure groups or trade unions. The EU has an almost impossible job 
with few means to do it …”.   
Such is the background against which policies within specialised agencies within the EU 
such as the European Renewable Energy Council (EREC), and EIA operate. In view of 
these circumstances therefore, is the state structure, the only possible means of conceiving, 
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instituting and practically executing a policy that encourage renewable energy production 
and consumption?  
 Martin Janicke14 in his findings comes out with results that substantiates this fact in that 
as far as political, institutional framework conditions are concerned; the constitutional, 
institutional and legal structure; the institutionalised rules and internalised norms which 
constitute the framework for action are interconnected and in turn hinges on the condition 
that there is participation, integration and taking into consideration the demands of long 
term action. Given this premise therefore, there is every reason to believe that ‘The state’, 
through it’s various institutions, is the best forum within which policy can be conceived 
and implemented. Unlike regional Unions or Associations, the tools of enforcement or 
compliance are there; ranging from laws based on the constitution, which binds every 
citizen within that entity called nation to the penalties and the forces that subjects every 
one. Regional bodies in spite of whatever lofty objectives they might have towards 
environmental protection or sustainable development, do not have all these luxuries (tools) 
associated with ‘The state’. This therefore obliges one to supposedly say that sustainable 
development and environmental protection can best be achieved only through ‘the state’ 
structure. However, one fact remains; which is, environmental protection and sustainable 
development are issues too broad and interconnected to be treated piecemeal and within 
nation boundaries. This is because pollution, desertification, climatic warming (global), 
epidemics and all other issues that affect Mankind due to ecological upsets, knows no 
national and even continental boundaries. A plausible solution therefore in this 
circumstance is to have the various nations come together to sign engagements or 
protocols on issues of environmental protection and sustainable development such as the 
Montreal protocol and the Kyoto. Still, there are all sorts of procedures to go through, 
after the signing of such conventions by nation representatives before it becomes law. 
Even after ratification, effective implementation and follow-up is left to the whims and 
caprices of whichever powers are in control of the affairs of the state at a particular 
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moment. This is because state managers usually have agendas and priorities that often 
contradict what is demanded of, on issues of environmental protection and sustainable 
development. Priorities and agendas that are often influenced by allegiances and varying 
goals. However concerted global action is indispensable because if the resources of the 
earth are to be preserved and the generalised global environmental degradation forestalled, 
then measures such as resorting to environmentally clean energy have to be ‘all 
embracing’, otherwise if Germany for example undertakes to forgo coal mining and 
nuclear powered electricity production for photovoltaics and Denmark for wind, while the 
United states unabatedly pursue’s ‘an oil stocking programme’, with the sacrifices that 
this entails, then the purpose, ‘saving the planet’ would have been defeated. It therefore 
requires a situation of global commitment by all who have a stake in electricity.  
For now, it is worth taking a look at the actors or stakeholders and their tools as far as 
renewable (photovoltaic) electricity is concerned, and see how far they can go to promote 
an increase in the production and consumption of renewable-sourced electricity. When 
one considers the fact that the 2001 ‘near insignificant’ contribution of solar electricity 
(approximately 0.23 TWh) to total (2959.58TWh approximately) EU electricity 
production by source type, and the expectation of this research (ie how solar electricity 
can be brought up to constitute an important fraction of this total), then it can be looked 
upon as an expected huge revolution. 
To begin with, it is worthwhile taking a closer look at those who have stakes in this whole 
business of electricity production and consumption. Who are those who stand to gain or 
loose with an increase in importance of solar electricity as a whole? . 
Immediately identifiable here, are: 
• Consumers of electricity,  
• Producers (Energy sector Investor) of both solar electricity and alternative sources of 
electricity and  
                                                                                                                                                                           
14 Martin janicke :The political system capacity for environmental policy in TEKSAM 2003 main course compendium part II. 
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• Decision (Policy) makers who in most cases are politicians whose political survival 
often hinges on what they deliver to those who influence their positions. As this actors 
interact with each other, instigators  that influence their actions are NGO’s and the 
media. 
Beginning with Consumers, it is observed that one has to look at this class within the 
context of their physical and socio-economic environment. Factors, which very much 
influence choice and preferences. If one were to consider for example the inhabitants of 
the coal-rich region of Rhur in Germany on one hand and those of “Sun-shine-Spain” on 
the other hand for example; their electrification-source choices will evidently be very 
much influenced by this physical environment of theirs, other factors being held constant. 
The Inhabitant of Rhur will obviously go to all lengths to stick to coal-produced 
electricity, especially if it’s production is being subsidised by the state. If one were to 
consider one of the clauses of the European Union,s European Energy Charter Treaty and 
the International Energy Program within the ambits of the IEA which states that 
“Within the EU’s legal system regulating government assistance, national governments 
must continue to be able to take measures on behalf of certain vital interests such as 
guaranteeing the viability of a core base of energy source”, then one can easily understand 
the basis for continuous subsidisation of coal production by the German government  
  On the other hand, the Spaniard will be more likely to go for Solar-electrification, given 
that the sun is freely and constantly abundantly available.  
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Fig VII: Stakeholders Interactive Model                                        
 
These potential electricity consumers coming from divergent socio-physical, ecological and 
economic backgrounds, like other actors have to be reconciled 
The diagram above is an imaginative illustration of the forces at play influencing which 
way the evolution of solar technology goe’s . The main stake holders – the state, 
consumers and Investors, come in with their tools A,B and C respectively to run the 
photovoltaic evolution either positively (to the right or negatively to the left. If all three 
actors act harmoniously, effectively and efficiently, the evolution will be fast and positive. 
If they act otherwise, the revolution will be far-fetched or even negative. The 3 cylindered 
moulds are the forces of the tools of the respective stakeholders. 
“A’s” tool are legislations, backed by the necessary enforcement mechanisms through it’s 
institutions like the judiciary and executive arm. If this tool is applied rightly, it will move 
the investor “B” to go on ahead and chip in the funds (which are His own tools) to produce 
photovoltaics at an affordable cost for the consumer “C” to buy. The strong influence of 
Investors (producers) today is underlined by the fact that it is the investor who decide’s 
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what type of electricity-source-type the society should have in the liberalised electricity 
market of Europe. The consumer as the end user, has hitherto unexploited powers in as 
much he is the one who decides to buy or not to buy with his money in a freely 
competitive electricity market. Liberalisation policies as such, have lead to an ever 
increasing influence of  corporatism, to the extend that it is the ‘cooperate world’ that is in 
control of National and world economies today. Hence the popular talk of ‘corporate age’. 
It is also a fact that that this will be so for a long time to come. We are in a corporate 
century, and the table (fig VIII pg 70) taken from ‘The No Nonsense Globalization’ pg 55 
by Wayne), brings to focus this reality. When we are faced with a situation where the total 
sales of a corporation can be over and above the GDP of a nation, then there is every 
reason not to take the influence that can be exerted by such corporations for granted. It is 
also of interest to this research because one of the corporations featuring in the table 
(Royal Dutch Shell) as well as a lot other such influential corporations have been staking 
out in the Pv industry. This interest is all the more founded because of the fact that oil is an 
alternative to photovoltaics such as we have been examining all along. For a stake holder 
in a non renewable resource which is out matching photovoltaics in the electricity market, 
to suddenly be interested in the very technology that threatens the oil business, gives every 
reason for one to raise eye brows. Apart from this, ‘A special 2003 edition of the Sun and 
Wind Energy Journal’ came out with the following (Table 1) classification of the ten most 
influential Pv industries in the world according to order of importance. Figures in brackets 
show the previous years production. 
 
Table IV: Top Ten of the pv producing industries worldwide ( adopted from ‘20003 special edition of 
sun and wind energy journal 
 
Rank  Corporation  Pv Output in 
Mw 
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1 SHARP: A Japanese Electronics (Conglomerate) 123Mwp(74.5) 
2 BPSolar:A British oil Consortium (“Beyond Petrolium”) 
(Conglomerate) 
71.5Mwp(54.5) 
3 Kyocera: A Japanese Electronics Company (Conglomerate) 70Mw p(54) 
4 ShellSolar: A Dutch Oil Giant (Royal Dutch) (Conglomerate) 55.5Mwp(48.5) 
5 Sanyo: A Japanese Electronics concern (Congomerate 30 Mwp(16) 
6 Astropower: A U.S company solely concentrated in Pv 29.7Mwp(26) 
7 RWE Schott Solar: A Germano-American Glass 
Industry(Conglomerate) 
29.9 Mw(23) 
8  Isofoton: Spanish Company 27.5 Mwp(19) 
9 Mitsubishi Eclectronics:A Japanese car (Conglomerate) 
company 
24 Mwp(14) 
10 Photowatt: A pure Pv producing French Company (Bought by 
Canadian Matrix Solar Technologies ) 
17Mwp(13.5) 
 
 
. Note the conspicuous presence of oil producing companies and their drops in production from previous 
years. 
 
   It is a very telling list as far as the potential influence wielded by these corporations is 
concerned. What possible contribution can multi-national oil corporations like ‘Royal 
Shell’ and ‘BP’ play in the market for renewable electricity production?. They can either 
play a positive or negative role just like the other stakeholders in the stakeholders model. 
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Fig. VIII: sales revenue of multi-national corporations pitted side-by-side GDP of nations (charles Wayne 
ibid) 
 
The importance of investors was even brought to the fore during the interview with the 
head of the solar cell research unit of RISO. He said the funds for the ongoing research 
there was for most of the part provided by industrialists who were interested in the 
research activities. There is therefore every reason for the state to provide incentives to 
such pro-active industrial concerns. 
 
The facts above drives home the point that it is certainly not as simplistic as is thus said. The 
possible roles that these actors can play, will be examined under the positive and negative 
influence appreciation.  
 
6.1.1): Positive Influence: 
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Having highlighted the place of the stake-holders in the model, it becomes important at 
this point to examine the possible roles that the stake-holders can play to either advance or 
retard the progress of Photovoltaics up the chart of electricity production-by-source type .   
 The basis of the solidity of “A” has already been given (the enforcement or compliance 
mechanisms). However, it is not only coercive punitive/subjecting laws that can yield the 
desired results as far as going down the sustainable electrification path is concerned. 
Subsidies are a persuasive tool that can be used and has been/is being used in most 
countries to subsidise electricity. The ‘100 000 solar electricity Rooftop Programme’ 
initiated in January 1999 has been one of such tools that was expected to contribute to 
boost the PV electricity market to about 300MW by 2003 in Germany. There is also the 
installation of photovoltaic systems by private investors which is being promoted by KfW 
loans granted at attractive interest rates. Since January 1999 when the programme started, 
26,060 installations have received assistance for a total loan amount of roughly 580 
million euros, providing an aggregate photovoltaics capacity of approximately 105 MW 
(as of September 24 2001). In the United States, the various states especially ‘sunshine-
plenty’ states like California have their respective tools to encourage Solar electricity 
production and consumption. 
Given the environmental benefits and the socio-economic advantages associated to Pv 
mass production like job creation and an increase in Gross National Income, there is every 
justification for Governments to be generous in dolling out funds for research and 
development into photovoltaics just like with other even less economically and 
environmentally beneficial areas like arms procurement and space exploration. More 
proactive measures such as issuing of Green certificates and tax moratoriums or 
concessions for the photovoltaics industry are all measures that can go a long way to boost 
Pv production. 
The investor ‘B’, on His part must be prepared to stake out in ventures whose profits will 
be realised in the long run rather than in the short run. Investment should be morally 
guided. Investors should in their Photovoltaics production cartels oblige themselves to be 
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binded by morally ethical investment codes, which outline investment in environmentally 
clean electricity to be based on values other than material.  
   The force of “B” as we all know, is found in : 
1) Financial prowess. But should also be spurred on by: 
 2) The will, interest and commitment to invest in clean technological enterprise born out 
of a sense of environmental awareness. 
3) Solidarity amongst these type of investors as seen through groupings like the European 
Photovoltaic Industry Association and others. 
How ever, as indicated above definition of codes of conduct such as those suggested 
above, as condition sine qua non for entry, will deter detractors from daring into the 
photovoltaic business which at this infancy stage, needs such protection. 
“C’s” force on it part is/should be found in an equal sense of awareness and commitment 
as well as the capacity to make the right choices. It’s force lies in their vote. Voting not 
only at the polls, but with their pockets. When we buy, we are voting for what we buy. 
When we chose not to go for fossil-fuelled electricity because of it’s adverse impact on the 
environment, we are voting against it and it will eventually phase out. Just like politicians 
are voted out. 
. The various components of this engine need to be solid enough to spin around. They also 
need lubrication. 
 Lubrication of this engine as had been mentioned, is effected by that very vital fourth 
power, --  the media-. The media is often referred to as the watchdog of the society, 
conscientising, by educating and informing. The media therefore can play a very effective 
role in lubricating this stakeholders engine. Raising awareness on environmental issues and 
the implications of our choices and actions as well as playing the watch-dog role on 
decision makers who might have other concerns than the environment that -occupies them.  
 The forgone so far, has been a positive lubrication for the engine. It is equally important 
that a look should be taken at some of those actions that can slow, stall or turn the engine 
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backwards. This is because, if we are aware of these actions, we can forestall or pre-empt 
them.  
6.1.2): Negative Interaction: On the part of the State, they consist of pursuing a policy of 
subsidising the production of environmentally harmful sourced-electricity like fossil fuels. 
. It is curious that Germany, a front-runner in the environmentally clean photovoltaic 
industry finds itself in the controversial situation of subsidising coal production for 
electricity at the same time.  
The ‘National survey report of pv power applications in Germany for 2002 published for the 
German Federal Ministry of Economy and Technology in May 2003 by Dr.Frank 
Stubenrauch admits that coal as well as nuclear energy still constitutes a source for 
electricity for domestic use. It goes further to admit that renewables constitute only 6% of 
supply source for electricity production and that : 
“The market opening for electricity and gas in Germany is far advanced”.  
Table II further drives home this point when on looking at the table of electricity generation 
by source type one observes that while coal contributed a staggering 3000.73 TWh to 
electricity Total electricity production in 2001, solar, tides and wind (renewables0 together 
contribute a mere 10.85 TWh. 
Insufficient funding of research into Pv by governments is another negative action, which 
goes to compound situations for the Pv industry. Many publications have repeatedly 
advocated for increased research funding as a way forward for the advancement of the Pv 
technology. The absence of these is a negative force; especially aggravated, if it is 
accompanied instead by subsidisation of fossil fuel production as is presently the case 
with most advanced economies. 
 With the Investors, negativism will take the form of malicious intentions by producers of 
competing sources of Pv electricity like oil producers, who view the upcoming age of Pv 
technology as a threat to their lucrative business. ‘Exxon Mobil’ an American Multi-
 73
national oil corporation for example claimed in it’s 2003 annual outlook report15   contrary 
to other positive extrapolations for Pv. that renewals like solar will contribute less than 
one-half percent to global energy by 2020 as against an approximate 40% rise in world oil 
demand. Such pessimism gives an idea of the kind of force against which the development 
of Pv finds itself.  
The media on it’s part often has “In-house” Editorial policy, that most often has other  
considerations of priority than environmental protection. If the society’s watch-dog can not 
watch it, who then can watch it? What therefore is the solution?  Pitting this aside the 
recommendation that there has to be ‘fine tuning’ of market forces if sustainable electricity 
production is to be attained, are not certainly good signs.                                                        
 
Table IV. (Electricity information report for OECD/IEA 2003 (part II – 11.293- 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.2):Institutional stakeholders: 
                                                 
15 Photovoltaic Bulletin Vol.2003, issue 12, Dec. 2003-page 6 
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A look will be taken here of groupings such as the European Photovoltaic Industry 
Association (EPIA) and EREC (European Renewable Energy Council) as an example of 
such Common Interest groupings involved with photovoltaics, in a bid to know to what 
extend they advance the progress of Pv technology. 
EREC is committed to the following objectives: 
Certainly, promotion of the production and consumption of renewable energy as an 
alternative to fossil fuel.  
-To provide information and training on renewable energy sources. 
-To provide information and consultancy on renewable energies for the political decision-
makers on a local, regional, national and international level. 
- To publish information material (brochures, didactic material, manuals, etc.) on 
renewable energy sources. 
- To encourage studies on the economics, techniques and feasibility in the field of 
renewable energy sources for the member associations, external organisations, as -To 
promote European exports of equipment and products, and promote the industrial 
protection of European renewable energy technologies on global markets. 
 - To strengthen export initiatives and promote trade, while generally assisting the 
associations, the federation members of EREC and the renewable energy world. 
- To enlarge industrial export services with commercial publications, commercial 
indicators and seminars, etc. as well as public and private institutions. 
 - To co-operate with renewable energy organisations from all over the world. 
 
On the basis of the above set objectives, it is deduced that such organised bodies which 
are directly concerned with photovoltaics and in fact have stakes in the technology could 
be said to be more reliable in as far as meeting sustainable energy provision needs is 
concerned. It can therefore be reasonable to give such institutions the support they need as 
well as collaborated with, by the EU and the agencies dealing with sustainable energy. 
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 Beginning with the EIPA , a sub union under EREC the European Renewable Energy 
Council, it  says on its website that it is 
 -“ An affiliated organisation to the United Nation’s Framework Convention on Climate 
Change UNFCCC).  
  -A founding member of EREC (European Renewable Energy Council), which groups 
together all main European renewable energy industry and research associations. It is a 
frequent advisor on solar electricity and sustainable development issues to the World 
Bank, European Commission, European Parliament, as well as a wide range of industrial 
organisations and NGOs 
-The world’s largest industry association devoted to the solar electricity market. The 
association aims to promote photovoltaics at the national, European and worldwide levels 
and to assist its members in the development of their businesses in both the European 
Union and in export markets. 
 
 It’s stated objectives are:  
-To become the most credible reference point for the European PV Industry stakeholders. 
EPIA will provide accurate information, statistics and feedback to both its members and 
the wider audience. 
  -To help shape the development of new PV markets both in Europe and export 
community. 
  -To take the lead in positioning the European photovoltaic industry within the European 
political environment and supporting the member state association in their local 
objectives. 
 
As for the IEA it commits itself in it’s policy objectives, to encourage the production of 
fossil fuels while at the same time pursuing a policy of sustainable energy provision….?. 
Extraction of natural oil in itself can hardly be seen to be an environmentally sustainable 
activity by hard-core environmentalist, yet the IEA considers that it can be sustainable. The 
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controversy identified with an example of stake holder ‘A’-Germany- features therefore with 
International bodies like the EIA that are supposed to come up with regimes that encourage 
environmentally clean electricity sources. 
 
Summary  
 It has been shown in this section, how different stakeholders can positively or negatively 
influence the importance of photovoltaics in the electricity market. In as much as research 
and development and cost assessment is important to evaluate the potentialities available 
for an increased importance of Pv, the stance that stake holders in the electricity sector take 
is a major determinant as to the future of photovoltaics. Interestingly enough, all the 
identified actors have been shown to be indispensable in the interaction. Non can do 
without the other. The investor has the investment means but the appropriate investment 
atmosphere has to be created through policy by the state. The consumer, though at the 
receiving end can decide to frustrate or encourage production. A decision which has been 
shown to be greatly influenced by knowledge; knowledge which to a large extend is 
influenced by the media. 
It has been shown in this section, how the roles the respective stake-holders play, depend 
on stated interests and policies. The analyses here have shown that if all the stake-holders 
are resolutely committed to attaining the goals of production of environmentally clean 
electricity from solar, it can be done. This emphasis the importance therefore, of 
committed action. 
 
 
 
 
 
Conclusion 
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We have so far seen the hurdles that need to be overcome to achieve the objective of 
increasing the contribution of solar-based electrification to the total electricity production 
by source-type. This research so far has been investigating into the causes of retarded-ness 
in the evolution of what can be termed the “Solar electricity revolution”. In the preceding 
chapters there has been an examination of all the possible tools that can be used to wield 
around this electrical revolution, which has also been proven beyond reasonable doubt to 
be the most environmentally friendly source of electricity. The forgoing chapters have 
shown clearly that these tools comprise: 
• Continuous research and development efforts geared towards coming up with less 
expensive components yet more efficient modules of Photovoltaics. This is 
indispensable for the eventual drop in production cost of photovoltaics, which might 
render it attractive to invest in, and mass-produce. These, was the subject of chapter 2. 
• The functioning of market forces and institutional policy, seen in chapters 4 and 5 have 
enabled an appreciation of the fact that there are possibilities to pursue this lofty 
ambition of increasing solar electricity production and consumption, which should 
however be accompanied by a completely new way of valuing resource exploitation 
and use; treated in the ‘Comparative C/B Analysis. The resources being the renewables 
like solar, water and wind; and the non-renewables like fossil fuels. Their uses, being 
for electricity. Such a new valuation system will enable a better decision base on our 
use of resources to meet our needs. 
•  It is however contingent on actors involved in the exploitation and use of such 
resources to determine which path has to be followed in the exploitation of such 
resources to meet our needs; either the sustainable or un-stainable path. This has been 
the focus of chapter 6.   
It is relevant at this juncture to advance plausible solutions which might contribute to 
address the question that was originally set out to be answered:  
‘Why Solar Powered Electricity constitutes such insignificant proportions of electricity 
supply by source-type ’.  
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On the bases of analysis on the above, and given that there are certainly some already 
existing measures which have so far contributed to the advancement of the technology this 
far, it is worthwhile first to highlight those appropriate ventures and measures that should 
be continued, as have been highlighted at the end of the section on ‘Stakeholders’. In the 
same vein, identified obstacles to the advancement of the technology pointed out under 
‘Stakeholder Analysis’ leads to some proposed solutions to the way forward. 
-Existing Trends Worth Continuing: As the exercise round’s up, one can not help noting 
that the involvement of oil companies is a ‘two way safari to slaughter’. On one hand, it 
might be looked upon as a source of hope in that the stakeholders in the very industry 
(energy), which is an alternative, that could have consequently barred the way to an 
evolution of the photovoltaic industry, is after all rather reverting to it. These oil companies 
are being realistic enough by positioning themselves to ultimately assume a leading role 
whenever Pv would have been chosen by the world as the ultimate source of electricity. 
These oil conglomerates who have found themselves amongst the ranks of producers of 
renewable energy like Pv, are today members of Photovoltaic producers Association 
(EPIA), wherein they are destined to play a very influential role. Even without stating so, it 
is clear that such a group constitutes an effective lobby force to defend member interest. A 
laudable initiative worth pursuing though, and seemingly to achieve, when one considers 
that the report of  2001 of  IEA  (under which is EREC, of which EPIA is member) report 
showed that: 
This building up of Pv producers interest groups is very necessary to turn the ‘engine of 
the ‘Stakeholders Interactive Model’ as far as the state is concerned.  
 On the other hand, the involvement of oil companies in the Pv business ought to be 
closely followed up in a bid to know the reasons for their involvement. Involvement in Pv 
as such can either be for profit motives or out of environmental concern. In the case of oil 
companies, it is difficult to tell.   
This not withstanding, it is imperative that there should be increased funding of research 
into photovoltaics by governments of all those countries like U.S.A, Germany and Japan 
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where private initiative is already seriously committed to research and development 
geared towards amelioration of performance, efficiency wise and cost wise. Financing 
must not end only at the level of research. Governments of producer nations ought to go a 
step further and provide soft loans for the purchase of stand-alone domestic Pv 
installations due to the high upfront cost involved. Without this, the end result of the 
ameliorated products from the research laboratory, leaving the industry, cannot be bought. 
It is therefore necessary to sustain the support process from research through production to 
consumption. Pv, being a long lifespan utility as seen in the life cycle analysis, will 
certainly be an un-risky investment if such support schemes were to be undertaken. 
Operating a ‘Green certification scheme’ can go along way too, to enhance such support 
schemes.   
 
Possible Deterrence To Pv: 
Optimism, given the profile of those staking into the Pv business however, should be 
guarded here because even though this interest is manifested, the world of business and 
investment is a world of interest and jostling and jockeying as earlier pointed out.  
Possible Deterrence From Policy: The problem here is that the very growth in 
importance of photovoltaics implies a threat to the oil industry which today seems to be 
the ‘raison d’etre of world energy bodies like the IEA. This is because Photovoltaics is an 
alternative to fossil fuels. Therefore the adoption of Photovoltaics and other 
environmentally clean electricity sources will imply that the main players in the IEA 
whose interest the IEA is out to defend, will suddenly find themselves out of business. So 
business has to go on as usual. The situation is compounded by the unfortunate policy of 
continued subsidisation of coal and gas by some of the very nations that are main 
producers of photovoltaics. The German Energy Conservation Ordinance’, the Deutsche 
Energie-Agentur  G mbH  for instance  states inter-alia that “A higher share for gas is 
anticipated, especially for electrical power generation. This also applies for the European 
Union as a whole. ” 
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 Possible Deterrence From Within Investors Ranks: As for investors, there is for 
example oil companies like,-BP- a British concern that had taken the lead in the 
photovoltaic industry but has suddenly made spectacular turn-abouts on its investments by 
giving up the ‘thin film technology’ and withdrawing plans to build a module 
manufacturing plant in -Hamein- Germany. Reasons advanced; ‘Not profitable enough’. 
The pessimistic declarations of Exxon (an oil corporation), concerning the future of the Pv 
industry gives room for one to question the motives of oil companies interest in 
Photovoltaics. Further more, a study of the statistics in table I, reveals a disquitenning 
situation whereby there is a perpetual drop in the Pv  production out put of the oil 
producing industries involved with Pv. This is in addition to another outstanding fact; 
which is that all but three of the pv producing industries are conglomerates. It is a cause 
for concern because since Pv  production is only one of the many areas of investment of 
these companies, this implies a halve-hearted commitment A situation which would have 
been otherwise if Pv was the sole business. It give’s room therefore for one to question.  Is 
it born out of genuine interest for a healthy environment, simply for making money or to 
take up the technology (a threat to oil business) and nip it in the bud?. BP advanced as 
reasons for it’s shedding the module-manufacturing unit; ‘Not profitable enough’. This 
takes us back to the section on cost benefit analysis. What is profitability?. Can investment 
for environmentally clean technology not be regarded as a sound investment in 
environmental protection?. What monetary value can be given to clean, sound and healthy 
environment? 
This might be one question too many, which constitutes some of the intention of this 
research. That is to be thought provoking.  
 
 
Recommendations: 
• Greater ‘State Interference’ 
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Finally, it is worth going back to the analysis at the beginning of this chapter. Which was 
that the State remains the most influential actor as we seek to chat out a part for 
sustainable electricity production, because the enforcement/persuasion mechanisms or 
tools are there. It is only the state that can keep in check, the ever growing and widening 
influence of multinational corporations as they extend their tentacles beyond nation 
boundaries and consequently advocate for a greater role by international organisations 
which they know just too well, don’t have the means to enforce or ensure compliance 
unlike the state.  Hermann Scheer, in the Solar Economy (ibid), highlights the important 
role to be played thus by the state to chip up the wings of the ever increasingly influential 
multi-national corporations when he alerts in page 19 that: 
“ International institutions must be strengthened to mitigate the influence of global 
corporations. Corporations however, are better endowed, more effective and better 
organized than any institutions could be. They merge according to need; they know how 
to harness the political and scientific elite to achieve a global consensus. They can force 
acceptance of an international economic order favourable to business, but which deprives 
democratic governments of vital rights to shape their own economic policy, thereby 
weakening their ability to discharge their essential responsibilities. They acknowledge no 
responsibility for the future, nor for human or environmental welfare outside their own 
business areas- that is unless motivated by a sense of moral obligation, as part of an 
advertising and marketing strategy or through charitable activity or one-off donations. 
Trans-national corporations are well on their way to erecting a privately run global 
planned economy in the form of global cartels.”   
  Even though fig XI confirms such a disquitenning situation whereby corporations are 
financially more powerful that the state, the state still remains the ultimate medium by 
which the contribution of solar electricity to total electricity production by-source type can 
be improved, because of it’s constituted authority. This is because the foregoing analysis 
have shown for example, that: 
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Social costs are not often incorporated into cost considerations for calculating cost of 
electricity production when fossil-fuelled electricity is consequently under-valued. The 
2003 IEA annual report affirms, “There appears to be no invincible technological 
problems for solar energy to contribute much to the world’s energy supplies. What matters 
are policy developments and the market position of fossil fuels and the energy sources”.  
This certainly implies a call for the state to assume it’s responsibility to consequently step 
in and impose the necessary regulatory mechanisms that will go to increase the price of 
fossil fuels and discourage it’s production. 
 The above recommendations certainly have to be accompanied by increased subsidies in 
research and development. Sections 2 and 3 have greatly highlighted how indispensable 
R&D into cheaper techniques of harnessing sunlight for Pv is, if Pv has to gain any 
headway into the electricity market. When one compares the billions of Euros and dollars 
dolled out to research and development for arms and space exploration as compared to the 
few hundred millions of Euros and dollars for Pv , one comes away with the conclusion 
that nations still have to readjust priorities between vanity and prestigious projects as 
opposed to welfare projects that evolve around providing cleaner technology. The state 
therefore stands in good stead to come up with policies that incorporate such social costs 
into fossil-fuelled electricity production, which will subsequently increase its production 
cost over and above that of Pv production and therefore tip the market forces to the 
advantage of Pv.  This is attainable through: 
• People’s participation, which calls for sensitisation on issues of environmental 
awareness as already proposed. If that sensitisation is effectively done, then consumers 
will vote for the appropriate technology (Pv) with their money, because it is after all 
each and every one of this consumers who together pay in the money that make 
Corporations to be as big and influential as they are. In this way, the growing powers 
of multi-national corporations such as those cited in the work to be predicting doom for 
the future of environmentally clean electricity, can have their negative influence 
checked not only by the state, but also by the market forces of demand and supply 
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when consumers chose to buy environmentally appropriate technology. The 
importance of the consumer in the interaction is all the more vivid, when one looks 
back at the fact that as seen in the work, there is a significant 2 billion people waiting 
out there to be electrified. This is one third of the world’s population and providing 
environmentally clean electricity for a third of the world’s ever growing population can 
go a long way to make our environment cleaner safer and better. Further more, this one 
third can eventually carry along with it the rest of the population. It is ambitious, but it 
is attainable.   
•  By extension, the EPIA like other associations dealing with photovoltaics, can within 
their ranks submit themselves to scrutiny through a peer review mechanism, so as to 
ensure that only investors with a strong believe in the future of photovoltaics remain 
within their ranks. In this way, through some morally binding ethical environmental 
business code of conduct, only the right persons are ensured to stay on board.  
• The Media, often referred to as ‘The third force’, is one of the tools which can be used 
to increase the proportion of solar electricity to total electricity production by source-
type. The media can be empowered to better play it’s role as watch dog as far as 
environmental issues are concerned; one of the ways of doing so, is to include 
environmental study programmes in schools of journalism. Some schools of journalism 
like the school of journalism in Cameroon already have such course designs that 
incorporate environmental studies. With this, globally harmonized legislation can then 
be passed for professionally trained journalist to be the ones to practice journalism.  
Martin Jånicke in page 11(Main course compendium) acknowledges such an important 
media role when he advances 
“Today there are three important groups of non-governmental proponents of 
environmental protection, all of them able to influence polluters directly: 
-environmental organisations (in four of our 36 cases they immediately effected radical 
change) 
-the media and  
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-ecological innovative firms which have become very important factors in environmental 
improvements within industry, albeit only the last few years.” 
With the societal watch-dog having been thus inculcated with a sense of environmental 
awareness, there can be every reason to hope that the consumers of electricity will be 
sensitised on making the right choices irrespective of whatever sacrifice it might take. The 
decision makers will equally be kept, thus on their guard. These suggested solutions 
though certainly insufficient, can despite whatever shortcomings, go a long way to 
contribute to advance the photovoltaic age that is dawning in the world today. The 
prospects are there; and those who have already jumped on board this photovoltaic train 
just need to be vigilant, committed and consistent in their efforts to move it on. 
Extrapolations by other research works have revealed that photovoltaic will continue to 
make in roads into the electricity market to ultimately replace conventional energy.  The 
proportion of Pv contribution to electricity production by source-type might be small; 
however the rate of increase in proportion of electricity proportion by source-type over the 
years is impressive and time is on the side of renewable (solar-based) electricity.    
 
 
 
 
 
 
 
 
Problems Encountered 
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If this research work has flaws which is obvious given that no work is completely perfect, 
it is certainly due to some unavoidable shortcomings. The intention here is not to 
enumerate problems for the sake of it, or to find excuses for faults. Rather, it is meant to 
help subsequent research exercises, see the problems that lie ahead and be consequently 
prepared to solve them so as to come up with a better research work. 
Firstly, the very nature of the exercise demanded that some time be spent on the field, in a 
Pv producing plant to be acquainted, first-hand with the technology of Pv production. This 
was not possible for the accomplishment of this research exercise for three reasons: 
Firstly, the industries were not willing to avail themselves of such a fact-gathering 
exercise. 
Secondly, given that the closest Pv industries are based in Germany, it meant that the 
researcher had to move to Germany for such field work and spend at least two months 
there. Given that the research began in February, this meant coming back to put in barely 
three months to produce the report. This was certainly not possible within such time 
constraints. 
Thirdly, even if a company were ready to co-operate with the researcher, it would have 
been impossible to stalk out in Germany for two months without any means of 
subsistence. The lack of research funds would therefore have made it impossible for such 
fieldwork to be carried out. 
Finally, if some aspects that would have shed more light to the understanding of the 
problem were not examined, it is because it was a problematic that was originally set out 
to be investigated upon by two persons. Unfortunately, two months into the exercise, this 
researcher was suddenly found in the difficult position of having to carry through with the 
research alone. Tasks therefore had to be thinned down to be able to meet up with the 
dateline. This greatly handicapped the work as far as profoundness is concerned. 
It is therefore hoped that upcoming research works will take into account all this 
shortcomings for better results. This shortcomings have also served as a lesson to me for 
future endeavours 
 All this limitations notwithstanding, it was an exciting challenge, which I found educative 
and exciting going through. 
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